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I .  In t rod uct ion 
T he E u rope an corn bo r e r , Os t r i n i a  n ub i l al i s ,  is Sou t h  
D ak ot a ' s  mos t d arn ag ing pe s t  in co rn . I ts oc c ur r e n ce is 
unpred i c t ab l e  and can be v�r y  de s tr u ct i ve w i t h  lo s s e s es t i -
m ated to be 1 0 - 1 2 % of th e to t al cor n  prod uct ion . The 
no rthern co u nt i e s  in South Dak ot a have a s i ng l e  
g ene r at i o n /year , fu r tn e r  so uth two ge ne r at ions /ye ar of t e n  
o c c u r . I n  th e are a  on th e so u th e r n  bor d e r  and al o ng th e 
M is so u r i  River , a two-g e ne r at i on corn bOre r is a pe r e n n i al 
pe s t . 
The dam age re s u l t i ng from E urope an co rn bo r e r  is al so 
d i f f i c u l t  to pre d i c t . Pre v io u s  au thors have us e d  ar t i f i c i al 
i n f e s t at i on s  to st u d y  y i e l d  red uct ions . A 3% lo s s /bor e r  was 
u s e d  as a st and ard es t i m at e  of yi e l d  los s  due to f i r s t -
gene r at i on dam ag e ( P at ch et al . ,  1 9 4 1 ) .  I n  th e pre s e n ce of 
a two-g e ne r at ion popu l a t ion , lo s s e s  be come mor e  di f f i c u l t  to 
-
pred i c t  and Chi ang et al. ( 1 9 5 4 ) su gg e s ted th e y  be ev al u at e d  
sep arate l y .  
Rep or t s  d i f f e r  as to wh i ch ge ne r at ion cau s e s  gre a t e r  
y i e l d  lo s s . Ber r y an d  C ampbe l l  ( 1 97-8 ) fo und f i r s t - and 
s e cond -g e ne r at ion dam ag e  was gr e at e r  th an f i r s t  ge ne r at ion 
d am ag e al one . The se cond ge ne r at ion doe s  cau s e  some dam ag e  
n u t  th e y ie l d  lo s s /un i t  o f  dam ag e  i s  gr e at e r  fo r th e f i r s t  
g ene r at ion . Foo t t  and T imm ins ( 198 1 ) us ed nat u r al in f e s t a-
t ions and chem i c al co n t ro l s  to sep ar ate dam ag e by each 
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g ene r at ion . The y fo und se cond gene r at i6n y i e l d  los s to be 
m uch gre a t e r  tnan th e f i r s t . Y ie l d  lo s s /un i t  of d a m ag e  was 
not co n s  ide  red . 
The pre s e n t  st u d y  is an ef f o r t  to ev al u a t e  th e damage 
to yie l d  re l at i o n s h ip th at  ex i s t s  for the b i vo l t i n e  popu l a ­
t ion i n  South D akot a .  N at u r al inf es t at i o n s  we re use d , 
recog n i z ing a pos s i b l e  bi as of art i f i c i al in f e s t at i o n s . 
I I . H is to r y  of M ig r at i6n 
T he E urope an co r n  bo r e r  ( ECB ) w as f i r s t  de s cr i be d  in 
C en t r al E urope by J acob H ubne r in 1 7 9 6 . He re f e r re d  to th e 
m al e  as Pyr al i s n ub i l al i s and th e fem al e  as P .  s i l ace al i s . 
The spe c i e s  was l i s t e d  by a var i e t y of syno n ym s  un t i l 1 8 9 5 , 
wh e n  Meyr i ck us ed �r au s t a  n ub i l al i s . I t  �pe ar e d  und e r  
th a t  name unt i l  1 9 6 0  w h e n  M ar i on pl aced nub i l al i s int o  th e 
g e nus Os t r i n i a .  
Tne f i r s t repor t ed f i nd ing of ECB in th e U n i t e d  
S ta t e s  was in dah l i a  s t e m s  ne ar Bos ton , M as s ac hu s e t ts in 
1 9 1 6 . A pos i t i ve ide n t i f i c at ion was mad e in 1 9 1 7  i n  swee t 
corn f i e l d s  ne ar Bos t o n  whe re EC B had repor t ed l y  bee n  
i n f e s t i ng th e crop s i n ce 1 9 1 3  o r  1 9 1 4  ( Vin al , 1 9 1 7 ) .  
S urveys sh o wed th a t  a 3 2 0 - squ are -m i l e  are a  aro und B os ton was 
i n f e s ted . V i n al and C af f re y  ( 1 9 1 9 ) su gg es ted th at the 
i nf e s t at i o n  beg an w i t h  impor t ed hemp us ed in co rd age man u ­
f ac t u r i ng . I n  J an u ar y  an d  J u l y  of 1 9 1 9 , two add i t i o n al 
s i t e s  were d i s cov e r e d . The f i r s t smal l are a was in E as t e rn 
N ew York and th e  se cond fol l o wed the sho re l i ne of Lak e  Er i e  
i n  Wes te rn New Yor k  and Sout h e r n  Ont ar i o  ( C af f re y  and 
Wor th l e y , 1 9 2 7 ) .  
Sm i t h  ( 1 9 2 0 ) co n c l ude d  th at EC B was impo r t e d  in t o  the 
Un i t ed S ta t e s  w i t h  broom co r n  from e i th e r  H ung ar y or I t a l y .  
B ar b e r  ( 1 9 2 5 ) th e o r i z ed th at th e Bos ton inf e s t at i on may h ave 
b een impor ted w ith hemp and th e New Yor k  in f es t at i on 
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resulted fr om br o om corn. His reas oning ·is based on the 
different behavi or of the tw o populati ons. The Boston popu­
lation had tw o generati ons per year and the New York popula­
ti on had only one per year. Caf frey and w·orthley ( 1 9 2 7 ) 
reared a Massac husetts populati on in an insectary in New 
York and found the bivoltine behavior continued over the 
four-year term of the experiment. Lik e wise, a New York 
populati on reared in Massachusetts persi sted in its uni-
vol tine benavi or. While the tw o populati ons could 
·interbreed and pr oduce vi able progeny it was concluded that 
they represented tw o ge ographical races. Lieb herr and 
Roelofs ( 1 9 7 5 ) documented an intrapopulati onal preference in 
mating behavi or which is seemingly related to a difference 
in pheromone producti on. Cis-1 1 -tetradecenyl acetate and 
trans-1 1 -tetradecenyl acetate in a respective rati o of 9 7:3 
g ave the opti mum field attractiveness in Iowa (Klun et al ., 
1 9 7 3) and in Ontari o (Kocnansky _et al .  1 1 9 7 5 ) . Nearly the 
opp osite was found to be true in sites in New York and adds 
weig ht to a theory of tw o ge ographical races ( Koc hansky et 
al. 1 1 9 7 5 ) .  The basis for the difference is currently under 
study. 
At tne time of its introducti on to the United States 
t he ECB was a known problem in south and central Europe 1 in 
westcentra1 and northern Asia, in Japan and in the 
Phi11 ip i nes (Vinal and Caffrey, 1 9 1 9 ) .  Based on tha t 
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i n f ormat i o n , th e y  co n c l u de d  th at ECB had the po t e n t i al to 
be come a ve r y  se r io us pe s t  in much of the nat ion ' s  cor n  pro ­
d u ct i o n  re g ion . ·rhe in f e s t at ion spr e ad rap id l y to New 
H amps h i r e , M ai ne , Rhod e  Is l and , Penns y lv an i a ,  Oh i o , and 
M ich i g an by 1 9 2 1 . Vermo n t , Con ne c t i c u t , Ind i an a , New Je r s e y  
and Wes t V i rg i n� a  wer e  in v ad e d  by 1 9 2 6 . The sp r e ad sl o wed 
f rom 1 9 2 7  t o  1 9 3 6 , but co n t i n ued so uth and wes t . ECB was 
f i r s t  repor t e d  in Sou t h  D ak o t a in 1 9 4 6  ( B ec k ,  1 9 5 1) .  The 
ECB ' s pre s e n t  � an g e  in c l ude s th e eas t e r n  slope of th e Rocky 
Mount a i n s , Tex as , Ok l ahom a , th e gu l f  st ates  and th e C an ad i an 
p r a i r i e  pro v i n c e s . 
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I I I . B io l og y and L if e  Cy cl e of th e E urope an Cor n Bor e r  
I nt rod u ct ion 
The ECB has a ho l ome t abo l o us l i f e  cycl e . Egg s are 
d epos i t ed on th e und e r s i d e  of the ho s t  pl ant ' s  le ave s in 
mas s e s  compr i s e d  of approx i m at e l y 25 egg s .  Und e r  f i e l d  con ­
dit ions th e  egg s  hat ch in fou r  to e i g h t  days . 
I n  th e  U n i t e d  S ta t e s , the pre fe r red ho s t  of ECB is 
corn . Oth e r  eco n om i c al l y  impor t an t  ho s t  crops in c l ude hops , 
m i l l e t , · nemp , peppe r s , sn apbe ans and pot ato . Som e  ho s ts 
at t r ac t  on l y  a par t i c u l ar ge ne r at ion of ECB . Pot at o  is mo r e  
commonl y  in fe s t e d  by th e f i r s t  gen e r at i on , wh e re as m i l l e t  
and oth e r  veg e t ab l e  crops are more su s c ep t i b l e  to su cce s s i ve 
g e ne r at i o n s  whe n  co r n  is un a t t r ac t i ve for ov ip os i t i o n  
( B ri nd l e y  and D ic ke , 1 9 6 3 ) .  Ove r  2 5 0  spe c ie s  o f  pl an t s  can 
se rve as hos t s for EC B .  Karpov a ( 1 9 5 9 ) fo und th at th e spe ­
c ie s  co u ld su s t a i n  it s e l f  for sever al ge ne r at ions  on common 
cor n£ i e l d  wee d s . 
Young larv ae fe e d  on th e ex po s e d  su rf  ace of var i o u s  
pl ant par t s . How th e y  fe ed i s  de pe nd e n t  on th e i r ho s t  pl ant 
and its st age of  de v e l opmen t .  As ear l y  as th e th i rd ins t ar ,  
l ar v ae bore in t o  the stem or st alk and feed on th e p i t h . 
Near th e end of larv al de vel opme n t  th e larv ae may pr ep are to 
overw in t e r  oy en t e r i ng d i ap au se . If a lar v ae doe s  d i ap au se 
it wi l l  comp le t e  it s devel opme n t  in the follo w i ng se as on . 
It  is pos s ibl e th at a par t i c u l ar ge no type may no t be 
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requ i red to di ap au s e . Th i s  re sponse is con t ro l l ed by an 
i n te r ac t ion of gene t i c s , tempe r at u re and pho tope r i od . A 
l arv ae th at  doe s  no t d i ap au s e  w i l l  pup ate and th e re s u l t i ng 
ad u l t  wi l l  prod u ce a su cce s s i ve ge ne r at ion with i n  th e s ame 
se ason . 
E co type -d i ap au s e  
The r e  are th r e e  eco type s pre s e n t  in Nor th Amer i c a . 
The eco type s ar e  sep ar ated on th e bas is  of d i  ap au s e  
respon s e . D i ap au s e  is th e me ch an i sm by wh i ch a bor e r  ov e r ­
w i n t e rs 11 i n  a st a t e  of suppre s s ed de v e l opme n t  11 ( B ec k ,  1 9  6 7 ) .  
I t  is ch ar ac t e r i z ed by red uced mo v emen t , 02 con s u mpt ion , 
pro t e i n  sy ntn e s i s  and gon ad al de ve l opme n t  ( Gelm an and H ay e s , 
1 9 8 0 ) .  F at re s e rv e s  in c r e a s e  and wat e r  con t e n t  dro p s  from 
80 % i n  a pre d i ap au s e  bo r e r  to 5 0 %  in an ov e r w i n t e r i ng bor e r  
( Beck an d  H an e r , 1 9 6 0 ) .  
T he Nor t h e rn eco type is un i vo l  t i ne and is rep re s e n ted 
by popu l at i o n s  fo und in  Quebec , M inne so t a , Nor t h  D ak ot a and 
the no r t h e rn ti e r  of co un t i e s  in Sou th D akot a .  I n  a s t u dy 
by Sho we r s  et  al .  ( 1 9 7 5 ) ,  nor t h e r n  eco t ype popu l a t i o n s  we re 
col l e c ted from Que b e c  and tw o loc at ions in M in n e s o t a .  The y 
were ex pos ed to d i f f e r i ng te mpe r at u re and pho tope r iod con ­
d i t ions at s i x  lo c at ions w i th a range of lat i t u de s  from 3oo
· 
to 4 60 N. The di ap au s e  re s pons e  rang ed from 9 0  t o  9 8 % . For 
th i s  re as on di ap au s e  for th e nor th e rn eco type is con s i d e red 
homo zy go u s . 'rhe un i vol t ine beh av ior is a re ce s s i ve ge ne t i c 
ch ar ac te r i s t i c  ( A rb uthnot , 1 9 4 4 ) ,  and its re spon s e  is se x ­
l inked to th e  mal e parent  (Reed et al . ,  1 9 8 1 ) .  
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The ce n tr al eco t ype is bi vo l t i ne and i t s  popu l at ions 
are fou nd in Nebr as k a ,  Iowa , Oh i o  and al ong the M is s o u r i 
R iver in South D ak ot a .  The d i ap au s e  re spon s e  is f ac u l t at i ve 
res u l t i ng from an in t e r a c t ion be tween pho tope r iod and tem­
pe r at u re . Showers et al .  ( 1 9 7 5 ) ex po s e d  the cen t r al eco type 
popu l at ions to a range of lat i tu de , 3 1 0 , 3 6 0 , 4 1 0  and 4 2 0 N .  
The in c i de nce of d i ap au s e  fl u c t u ated from 82 % ,  4 5 %, 8 5 %  an d 
40 % ,  re s pe c t i ve l y .  I n  th e sou th ( 3 1 0  N), lo ng nig h t s  
forced the ce n t r al eco type in t o  d i ap au s e  al l o w i ng onl y  one 
g e ne r at i on . Fur t h e r  no r th ( 36 0  N ) , pho tope r i od was no t as 
cr i t i c al and d i ap au s e  was avo ided . A t  4 1 0 N th e coo l  tem­
pe r at u re s  al l owed pho tope r i od le ng th to be come cr i t i c al 
ag a i n  and a h i g h  pe r ce n t ag e  of bor e r  di ap au s ed . .Nor t h  of 
4 1° N, sh or t e r  ni g h t s  compe n s ated for coo l tempe r at u re s  and 
d i ap au s e  was avo i d ed ( S ho we r s , 1�8 1 ) .  The di ap au s e  re spon s e  
incre as e s  whe n  th e in t e r ac t ion of tempe r at u re an d  pho t o ­
per iod i s  th e gre at e s t .  
T he so u th e rn eco type is rn u l t ivo l t i ne , hav i ng th r e e  to 
f o u r  gene r at ions pe r ye ar . I ts popu l at ions are fo und in 
A l ab am a , Georg i a , and so u t h e r n  M is sou r i . The ir perce n t  
d i ap au se re s p on s e  is lo wer th an the response of th e ce n t r al 
eco type g i ve n  id e n t i c al tempe r at u re and photope r iod 
cond i t ions ( S ho w e r s  et al . , 1 975 ) .  The popu l ations are 
short -d ay ad ap t ed and ab l e  to us e de g r e e  un i t s more ef f i ­
cien t l y  tn an th e ce n t r al eco type . 
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S ince th e int rod uct ion of ECB in to th i s  co u n t r y  mos t  
reg ions wes t  of New Eng l and had onl y  an un i vo l t i n e  popu l a­
tion . Th i s  beg an to ch ang e in th e late 1 9 3 0 ' s .  B ot t g e r  and 
Kent ( 1 9 3 1) ·fo u nd incr e as i ng bi vo l t i ne beh av io r in so u th e as t 
M ich i g an .  S im i l ar f i nd i ng s  we re repor t ed by F ich t ( 1 9 3 6 ) in 
I nd i an a . M u l t i vo l t i n e  beh av ior was no t ed by W al ke r  and 
And e r s on ( 1 9 3 6 ) in V i rg i n i a .  B ivo l t i ne beh av ior of th e 
c en t r al eco type h as be come dom in an t  in th e Nor th Cen t r al 
Reg ion . The popu l at ion in Sou th Dakot a is a m i x t u re of the 
ce n t r al and no r th e rn eco type s • 
.L if e  Cy cl e 
The ove r w in t e r i ng ECB rem ai n  in d i ap au s e  un t i l 
env ironmen t al ch ang e s  al l o w  it to co n t inue de ve l opme n t .  In 
the f i e l d , EC B co n t i n u e  de vel opme n t  in the pre se nce of 
mo i s t u re and amb i e n t  tempe r a t u r e s  of appro x i m at e l y  1 0 0 C .  
I n  th e lab , EC B he l d  in a LD 16:8 d e vel oped mo r e  th an tw i ce 
as fas t as larv ae he l d  in LD 8:16 ( McLeod and Bec k ,  1 9 6 3 ) .  
S ecK ( 1 9 6 7 ) ,  pl aced larv ae in long -d ay ph o tope r iod wi th o u t  
f ree mo i s t u re and th e larv ae were no t ab l e  to de ve l op . 
L arv ae he l d  in co l d  cond i t i ons be l o w  2 0 0  C wer e  no t ab l e  to 
d e ve l op de sp i t e lo ng -d ay ph o tope r iod s ( S ch e ch t e r  et al . ,  
1 9 7 1) .  
C af f rey an d  �vor t h l e y  ( 1 9 2 7 ) su gg es ted th e use of tern -
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per at u re acc u mu l a t ion s as a fo re c as ter of var i o u s  st age s  of 
ECB de ve l op men t .  The tempe r at u r e s  at wh i ch de v e l opme n t  of 
the egg , l arv ae and pup ae be c ame s i g n i f i c an t  we re 1 4 . so 1 
9 . 70 and 1 3 . 00 C ,  re s pe c t i ve l y .  App l e  ( 1 9 5 2 ) us e d  acc umu­
l at ions of deg r e e  days be g i n n ing w i th th e f i r s t  da i l y  me an 
above 100 C to ai d co r n  can ne rs in con t r o l  app l i c at i o n s . 
J arv is and Bri nd l e y  ( 1 9 6 5 ) re l at e d  ac c umul at ions of degre e ­
d ays to dat e s  on wh i c h  a g i ve n  perce n t ag e  of f i r s t - or 
s e cond-gene r at i o n  mo th fl i gh t  or ov ipos i t ion co u l d  be 
e x pec ted . The s e  met hod s us e tempe r at ure acc umul a t ion from 
the beg inn i ng of th e se as o n . Howev e r  1 pho t ope r iod al so 
med i ate s di ap au s e  de ve lopme n t and so ECB oc c urre n c e . 
Deg r e e - d ay ac c u m u l at ions bas ed on the cap t u re of the f i r s t  
spr ing moth have made su bs eque n t  pred i c t ion of b i o log i c al 
d e velopmen t  su c c e s s f u l ( Anon ymou s ,  1 9 8 3 ) .  I n  Sou th D ak ot a 
the app ropr i ate en v i r onmen t al cond i t ions fo r de ve l op me n t  
o c c u r  in mid -J.Yl ay . The l arv ae pup- ate  an d  the ear l i e s t mo t h  
f l i g ht can oe ex pe c te d  in ear l y  to mid -June . 
Moth s  le ave th e  s i te of eme rgence in co r n  re s id ue and 
congr e g ate in gr as s y  st r ips al ong fe nce ro ws and in d i t ch e s . 
F ox t a i l  w as no t e d  by De Ro z ar i  et al . ( 1 9 7 7 ) to be th e pr e ­
f e rr ed veg e t a t ion 1 bu t an y  ve g e t at i on th a t  prov id e s  a s im i ­
l ar microc l i mat e for dr i nk i ng , re s t i ng and mat ing is accep ­
t ab l e . Once at a s i t e  the fe m al e  em its a ph e romo n e , one of 
two is ome r s  of 1 1 - te t r adece y l  ace t ate . The comb i n at i o n  of 
i t ab l e  mic r o c li m at e  and at t r ac t an t  dr aws mo th s  to th a t  
--��, r e g ation s i t e  ( Anonymous , 1 9 8 3) .  
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M at i ng beh av ior is en t r a i ne d  by a pho tope r iod o f  LD 
1 6 : 8  and f l u ct ua t i ng tempe r a t u r e s  be twe e n  2 4 . 90 and 1 9 . 40 C 
( Lo u ngne r and Bri nd l ey , 1 9 7 1) .  Once ent r a i ned , mat i ng beh a­
vior is su b
_
j ect to ci r c ad i an rhy thm and env ironme n t al con ­
di t i ons . F al ling te mpe r at u re s , 3 0 - 2 1 . 10 C ,  l i g h t  in t ens i ty 
below 25 0 f t . cand l e s , re l at i ve hu mid i ty from 4 5 - 9 5 %  an d 
w ind le s s  th an 1 8  kph are opt im um ( S parks , 1 9 6 3) .  Res u l t s  
f rom Sho wers e t  al .  ( 1 9 7 6) sh o w  that se x ua l  ac t i v i t y  pe aked 
at 2 4 0 0 - 1 0 0  hou rs ou t s i d e  the co rn f ie l d  in are as of de n s e  
g r as s  wne re larg e numb e rs of bo t h  se x e s  agg re g at e . 
S ho wer s et al .  ( 1 9 7 6) c i t e d  sev e r al au thors who 
repor ted th a t  ECB had a bimod al pat t e r n  of fl i ght ac t i v ity 
( H ube r et al . ,  1 9 2 8 ; Ste w ar t  and L am ,  19 6 9) .  The ear l y  pe ak 
in ac t i v i ty re ve a l e d  a re l at ionsh ip be twee n mat ed fem al.e s 
and egg mas s e s  depos i t ed in co r n£ i e l d s . On su i t ab l e  ev e ­
ning s fem al e  ov ipos i t ion re ached its pe ak be twe e n dusk and 
2 4 0 0  ho urs . A ft e r  ov iposi tion i ng , mo ths le ave th e  co rn f i e l d 
and may re t u rn to th e ac t ion si t e s  to fe ed , re s t  and wa i t  
for ano th e r  sui t ab l e  even i ng for ov ipos i t ion ( Anomymo us , 
1 9 8 3 ) .  
The mo ths of d i f f e re n t  ge n e r at ions have di f f e r i n g  
ov iposi t i on al hab i t s . The ea r l y  fl i ght moth s  l ay th e i r 
f i r s t -g e n e r at ion egg s on- th e tal l e s t , mo s t  mat u re co rn 
( P at ch , 1 9 4 2 ) .  The egg mas s e s  are pl aced on th e und e rs i d e  
o f  the le ave s ne ar th e mid r i b . T he ave r age fe m al e is 
c ap ab l e  of dep o s i t ing tw o eg g mas s e s  pe r nig h t  fo r te n 
n i ghts . The maj o r i ty of egg mas s e s  are l a i d  in th e f i r s t  
s i x days af t e r  mat i ng ( A no n y mo us , 1 9 8 3 ) .  The mid -summer 
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mot hs pre f e r  to l ay the i r  se co nd -gene r at ion eg g s  on cor n  
th at is in or ne ar th e tas s e l  st ag e . The ear zone , an are a 
two le aves above or be l o w  the ear , te nd s to re ce i ve the 
m a j o r i ty of th e eg g mas s e s . The egg mas s e s  ar e pl aced on 
t he unde r s i d e  of the le ave s  ne ar the mid r ib . 
ECB egg s  are fl a t  and approx im at e l y a qu ar t e r  of an 
inch in d i amet e r . T he re ar e typ i c al l y  1 5  to 3 0  e g g s  in a 
m as s  and th e y  are la id in an ove r l app ing fas h ion . B lack ey e 
spot s and red d i s h  mand i b l e s  can be se en th rough the 
s em i t r ansp are nt chor io n . Egg s wi th bl ack ce n t e r s  are ne ar l y  
re ad y  to nat c n . A t  hatch , th e mand i b l e  co n t ac t s  the ch o r ion 
and sl i t s  it  ope n .  The  ne w l y- hatched l ar v ae fee d  br i e f l y  on 
the chor ion and le af t i s s u e  be for.e mig r at i ng ( v in al  and 
C af f rey , 1 919). B ec k  ( 1956) fo und no ev idence of ch e m i c al 
at t r ac t an t s  to favo r i t e  fe e d i ng s i t e s . Rath e r  l ar v al beh a ­
v io r  w as ne g at i ve l y  pho t o t ax i c  an d  pos i t i ve l y  th i g mo t ax i c . 
W i th th i s  be h av io r al ne e d  sat i s f ied , th ey we re the n fo und to 
be pos i t i vely s a c ch r o t roph i c . 
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IV . D antag e  
Int rod u ction 
A ll damage due to EC B is a re s u l t  of fe e di ng by th e 
fi ve ins t ar s  of th e larval st ag e . The in j ur y  to cor n  th at 
r e s u l ts is qui t e  vari ab l e . Le a f -feeding by ear l y  ins t ar s  
and st al k tu nne li ng by l a t e r  ins t ars re d uce s phy sio l og i c al 
g rowth and dry mat t e r  ac cumu l ation . The si z e  of th e pl an t 
i s  red u ce d  with smal l e r  le ave s , sho r t e r  int e rnod e s  and 
�ed u ced gr ai n  yie l d . T unne li ng ins id e  th e st al k and ins ide 
the ear shank in c r e as e  harv e s t los s e s  due to st alk bre ak ag e 
and ear dropp ag e . Cor n bo r e r  tunne ling al so ac t s  as a vee-
tor for pathog e n - c au sing ro t s . Pl ant i ng dat e , vari e ty , 
l oc ation , environmen t and time of in f e s t ation in t e r ac t  to 
v ary the amo unt of damag e  that wi l l  re s u l t . 
Dat e  of Pl an t i n g  
T he date th at co rn i s  p l  an·ted wi l l  in f 1 ue n c e  wn i c h  
g en e r ation i s  lik e l y  to in f e s t  it . 1-i an y  au tho r s  have 
con c l ude d  th at ear l y-p l anted , tal l e r  corn wi l l  re cei ve mo r e  
of  the f i r s t -g e ne r a  t i o n  eg g s  • P at ch ( 1 9  4 2 ) fo und th at  th i s  
d i f f e r e n t i al i s  le s s  pronounced wh en all th e  co rn i n  an are a 
i s  of th e same approx i mat e heigh t .  Cor n th at is sho r t e r  and 
l e s s  mat u re is no t re f r ac t i ve for ov ipos i t ion or larv al su r -
v i  val (Beck , 1 9 5 6 ) .  The re ason fo r thi s is fo und in th e 
p l an t's de f e n s i ve sy s t em .  Cor n  t i s sue con t a i n s  a gl ucos ide . 
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M as t i c at i on of ti s s u e cau s e s  th i s  gl ucos ide to be tr ans ­
formed by en zymat i c  ny dr o l ys i s  into 2 , 4- d ihydr o x y- 7 -me thox y-
2 H - 1 , 4-be n z ox az i n - 3 - ( 4 H)on e ( D IM B OA ) . DIMB OA de ve l op me n t  at 
the feed i n g  s i t e  ac t s  as a fe ed i ng de t e r r e n t  to you ng l ar v ae 
(T ipton et al., 1 9 6 7 ) . The concentr at ion of DI1�BOA is 
h ighe s t  in se ed l i ng pl ant s  and de cre as e s  as the pl ant dev e ­
lops . S tu d i e s  by Kl u n  et al .  ( 1 9 6 7 ) sh o wed th at larv al su r ­
v i v al in cr e as e d  as co n ce n tr a t ions of DIMBOA in th e i r di e t  
d e c r e ased . A s  th e pl ant in c re as ed in s i z e , larv al su rv iv al 
al so incre ased , pre s u mab l y due to th e di l ut ion of DIMB OA. 
The f i r s t  in s t ar s  of th e f i rs t ge ne r at ion mig r a t e  
deep into the who r l  an d  fe ed on the ep ide rm al t i s s u e s . 
H eavy le af -f e ed i ng nas be en repor t ed to ef f e c t th e gro wth of 
th e pl an t . Ch i ang and Hold aw ay ( 1 9 5 9 ) repo r t e d  red u c t ions 
in  le af s i z e  and in the le ng th of in t ernode s ,  par t i c u l ar l y  
ne ar the e a r  an d  tas s e l . A s  th e le aves gro w  ou t of the 
whor l and th e tas s e l  eme rge s larv-ae de ve l op to th e th i rd 
ins t ar . The y  tu n n e l  in to th e mid r i b  and fe ed on the le af ­
she aths . In v as i o n  of th e st al k beg ins wi th th e fo u r th 
ins t ar and th e f i f th in s t ar compl e te s  it s de ve lopme n t  w i th i n 
the in te rnod e . 
T he moth s wh i ch ov ipo s i t  th e se cond -g e ne r at ion eg g s , 
pre f e r  l a t e r  mat u r ing , mor e  su ccu lent cor n .  P l a n t s  th at  
w e r e  tal l and ad v an c ed to w ard mat u r i ty we re at t r ac t i ve to 
the f i r s t  fl i g h t  moths . Cor n pl ants th at wer e  bad l y  d am ag e d  
oy f i r s t -g e ne r at i o n  larv ae we re non - at t r ac t i ve to second 
f l i g h t  ov ipos i t ion . L ar v ae tha t  hat ched on th e s e  pl an t s  
showed de c r e ased su rv i v al ( C h i ang e t  al . , 1960). Thu s , a 
s e cond -g e ne r at ion in f e s t at ion is more lik e l y to be con -
ce n t r at e d  on l at e -p l a n t ed co r n . The ear l y  ins t ars  of the 
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s e cond ge ne r at i o n  fe e d  on po l l e n  ac cumul ated i n  le af ax i l s  
and on su cc u le n t  ti s s u e  su r round i ng th e ear . The th i rd 
ins t ar fe ed s on tn e  le af  sh e at h . The fou r t h  and f i f t h 
ins t ars be g i n  tu n n e l i ng at an e ar l i e r  aqe th an f i r s t -
gene r at ion larv ae . The y burrow into the st al k and the ear 
s h ank . He avy inf e s t at ions  of se cond -ge ne r at ion l ar v ae 
res u l t in in cr� as ed st al k br e ak ag e  and ear dropp ag e . 
�V ar ie ty and Res i s t an c e  
A t  th e  t i me EC B was in t rod uced into tn i s  co un try , 
the re was ev i d e nc e  th a t  some Europe an var i e t i e s  we re le s s  
sus cep t i b l e  to dam ag e . Dur i ng 1 9 3 0  t o  1 9 4 0 , ex pe r i me n t  s t a -
t ions be g an to te s t  · hy br id s and inbre d s  fo r re s i s t an c e  us i ng 
art i f i c i al in f e s t at i o n  te chn iqu e s  ( P atch et al . ,  1�38). 
Res i s t ance is de f i ned as an t ib i o s is  and has th e ef f e c t  of 
reduc ing larv al su rv i v al . S ur v i v al can be co r r e l ated to a 
v i su al rat i ng sy s te m . C l as s e s  one to nine ar e us ed to 
denote  inc r e as i ng le ve l s  of su s cept i b i l ity ( Guth r i e et al . ,  
1960). Res u l t s  by P at ch and D e ay ( 1 9 4 8 ) led re s e a r ch e r s to 
und e r s t and that a var i e ty th at has f i r s t -ge ne r at ion 
res is t ance may be su s ce p t i b l e  to se cond -ge n e r a t i o n  at t ac k .  
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Thu s  it is ne c e s s ary to st u d y  re sis t ance of th e  -tw o ge n e r a ­
tions sep ar at e l y .  
The foc u s  of f i r s t -g e ne r ation re si s t an c e  is to redu ce 
l e af - fe edi ng by suppre s sing e ar l y  ins t ar su rv i v al . A s t u d y  
b y  Ever e t t  e t  al .  ( 1 9 59) co nd ucted in L�inn e so t a ,  Io w a , and 
Ohio fo und re si s t an t  co r n  hy br id s cons i s t ent l y  red u c e d  the 
s u rv i val of f i r s t -g e ne r ation l arv ae . Reed et al . ( 1 9  7 2 ) 
s t u d ied lar v al su rv i v al and al so the eff e c t s  of an tibiosis 
on su rv i v ing larv ae . He us ed th ree inbred s ,  CI. 31A, Oh43 
and WF 9 ,  whi ch were re spe c ti ve l y  rated ve r y  re s i s t an t , 
res i s t an t  and su s ce p ti b l e . Resu l t s  indi c ated a l i ne a r  re l a­
t ionsh ip oe twee n larv al su rviv al and an inbred's con ­
cen t r a t ion of DI MBOA . S urv i v i ng larv ae fed re sis t an t  
t i s s ue s  had a slower rate of de ve lopmen t ,  re d uc e d  we i g h t  and 
m at i ng su cc e s s , ana prod uce d  fe wer eg g s .  
T he gen e t i c basi s for le af -feed i ng re s i s t ance is 
und e r s tood . T he me thod s of re s i�t ance tr ans f e r  has be e n  
d e t e rm ined . Howeve r , th e st atus of se cond -ge ne r ation 
r e si s t an ce is  le s s  cl e ar . F ir s t , ins t ar lar v ae fe ed on 
she ath and col l ar ti s s u e , su ccu l e n t  tis s ue aro und th e ear , 
and pol l e n  acc umu l at ed in le af ax i l s . Guth r i e  et al .  ( 1 9 7 0 ) 
fo und 5 0- 7 5 %  o f  th e se cond -g e ne r at ion larv ae fee d  aro und th e 
co l l ar and be h i n d  th e sh e at h . The re fore , re s is t ant f ac tors 
are pr i m ar i l y  ass oc i ated w i th co l l ar and sh e ath ti s s u e . 
I nbred B 5 2  s ho ws a hi gh deg r e e  of ant ib ios is w i th 9 5 %  l a rv al 
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mor t al i ty th r e e  days af t e r  hat ch i ng . F ac tors con t ro l l i ng 
s h e ath and co l l ar fe ed i ng re s i s t an c e  are rnul t i g e ne t i c al l y 
con trol l ed . One me thod to ev al u ate se cond -ge ne r at i o n  
r e s i s t an c e  i s  to me as u re st al k damage i n  ce n t ime t e r s  o f  ECB 
. 
t u nne l s  pe r  st a l k af t e r  an inf e s t at ion dur i ng the po l l e n ­
s h edd ing st age • S t and ab i 1 i t y  and ear dropp ag e are al so 
me as u red . 
Res i s t an c e  to se cond -ge ne r at ion at t ack has no t be e n  
g re at l y  improved in pre s e nt l y  gro wn hy br i d s . L e a f - fe ed i ng 
res i s t an c e  in hy br i d s  has improved ove r  hy br i d s  av a i l ab l e  in 
the 1 9 4 0 ' s ,  1 9 5 0 ' s ,  and 1 9 6 0 ' s  ( Lynch and Guthr i e , 1 9 8 0 ) .  
I nb r e d s  su ch as CI . 3 1 A ,  A61 9 , H 9 9  and Oh 4 3  h ave good 
res i s t an c e  to le a f - fe ed i ng . Howeve r , one of th e mo s t  com ­
mon l y  gro wn hy br i d s  in th e M id wes t ,  B 7 3  x Mol 7 , is su s cep -
t ib l e  to bo t h  fi r s t - and se cond -ge ne r at ion at t ack . I t  is a 
l ong -se ason hy br i d  w i t h  h i gh yi e l d  po t e n t i al and good s t an ­
d ab i l i ty .  Lynch ( 1 9 8 0 ) compared ._its y i e l d  to an int e r -
med i ate l y  re s i s t an t  mid - s e as o n  hy br i d , A61 9 x A63 2 . Und e r  
h e avy ECB d am age , yie l d s  we re compar ab l e . I n  se a s o n s  of 
1 ight ECB d am age or w i t h  prope r con t ro l  me as u re s , lon g ­
s e ason hy br i d s  w i l l y i e l d  mo r e  th an mid -se ason hy br i d s .  
-· .... --. -- w �-- ----·• _ _.....,_- ·- "' 
Loc at ion 
S eve r i ty of dam ag e  has be e n  fo und to di f fe r  be t w e e n  
l o c at ions . The st u d y  of th e s e  d i f f e re nt i al ef f e c t s  was 
u nd e r t ak en by Kwol e k  and Bri nd l ey { 1 9 5 9 ) and Eve re t t  et al . 
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( 195 9 ) .  Tne for me r st ud i ed the ef f e c ts of EC B on cor n  yi e ld 
and th e lat e r  st ud i e d  th e  factors wh ich in f l ue nce popu la­
t ions of ECB .  Bot h  stud i e s  res u l ted fr om ex pe r i me n t s  se t up 
in  tvl inne s ot a ,  Iow a ,  and Oh i o  on ear l y- and l a t e -pl an t ed 
s i ng l e - cros s hybr ids ( WF 9  x M l4 , su s cep t ib l e ; Oh4 3  x Oh 5 1 A ,  
res i s t an t ) .  C omb i n a t ions  of nat u r al and hand - in f e s t e d  
tre atme n t s  cr e at ed e i g h t  d i f f e r e n t  leve l s  of f i rs t - and 
s econd -gene r at i o n  in f e s t at ions . Y ie ld red uct ion in 
L'vi inne sot a was ma i n l y  at t r ibu ted to f i rs t ge ne r at ion . I n  
Iow a , f i r s t ge n e r at i o n  ac coun ted fo r th e  bu lK of the y i e ld 
red u ct ion with se cond ge ne r at ion add i ng a smal l e r  pr opor t ion . 
T he se cond gene r at ion cau s ed th e pr i m ar y  y i e ld red u c t ion in 
Oh io and th e f i r s t -ge ne r at ion ef f e c t  was sl i g h t . H e av y  
i nf e s t at ion of se cond -g e ne r at ion ECB re s u l t ed i n  inc r e as ed 
s t al k  br e ak ag e  and ear dropp ag e , par t i c u l ar l y  on the l at e ­
pl ant ed , su s ce p t i b l e  hy or id , in al l th r e e  lo c at ion s . 
T he re s u l t s  are in agreeme n t  wi th oth e r  au t ho r s . 
C h i ang et al . ( 195 4 ) ex am i n ed th e impact of se cond ­
g e n e r at ion damag e w i t h  nat u r al l y- inf e s t ed pl an ts in 
1-i inne s o t a .  ·rhe y found no s i g n i f i c an t  yi eld los s . The 
re s u lt of se cond-g e ne r at i on inf e s t at ion was an inc r e as e in 
s t al k  bre ak ag e  and ear dropp ag e . Ch i ang su gg e s ted th at the 
ins i gn i f i c ance of the se cond -ge ne r at ion inf es t at io n  co uld be 
a t t r i b ut e d  to it s late  oc c u r rence in rel at l.on to pl a n t  
g rowth . I n  Iow a , J ar v is  et al .  ( 1961) us ed an ex pe r ime n t al 
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d e s i gn ne ar l y  ide n t i c al to · th at use d  by Kwol e k  and Bri nd l e y .  
w ith th r e e  d i f fe r e n t  ind i c e s  th e y  ev al u ated th e yi e l d red uc­
t ions due  to fi r s t -g e ne r at ion , se cond -gene r at ion and bo th 
g ene r at ions tog e th e r . The ge ne r at ions separ a t e l y  cau s e d  
s i gn i f i c an t  red uc t ions i n  yi e l d  bu t the f i r s t cau s e d  gre a t e r 
y i e l d  los s e s . It  w as demo n strated oy an al ys i s  of var i an c e  
th at whe n  a yi e ld los s  oc c ur e d  it w a s  d u e  to th e f i r s t - o r  
s e cond -gene r at ion or th e su mm at ion of both , th e ef f e c t  w a s  
not in te r ac t i ve . In so u th we s t e rn Ont ar io ,  Foo t t  and T imm ins 
·( 1 9 8 1) st u d i e d  th e ef f e c t  of a natu r al l y  oc c ur r i ng b i vo l t ine 
s t r a i n  of ECB .  The y co n c l uded th at th e se cond ge n e r at ion 
c au s e d  gre at e r  harv e s t  and phy s iolog i c al yi e ld los s e s  th an 
f i r s t  ge ne r at ion . 
T he d i f f e re n t i al ef f e c t s  of EC B due to ge o g r aph i c  
loc at ion are und e r s tood to ex i s t . ·rhe ef fe c t s  have pr e ­
vented th e st and ard i z at ion of ind i c e s  us ed to ev al u at e  ECB 
d amage in th e Nor th Cen t r al Reg ian . Yet th e re ason s  fo r it 
h ave no t be e n  wel l ex plored . 
S eason al Var i ab i l i ty 
The damage cau s ed by ECB v ar i e s  in se ve r i ty each 
s e ason . Th i s  is th e re s u l t  of seve r al fac to r s , th e mos t 
impor t ant of wh i ch is env i ronme n t al stre s s . E nvironmen t  
i n f l ue n c e s  re p rod uct i ve po t e n t i al ; m at ing an d  ov iposition , 
l ar v al su rv i v al and th e in t e r ac t ion of th e pl ant to the s e  
condit ions . 
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S ever al au thors have worked to de f ine the· se a s on al 
requ iremen ts of EC B re l at i ve to rep rod uct ion . B ar l o w  ( 1 9  6 8 ) 
s t at e s  th at th e  equ i val e n t of 2 5  to 7 6  nun of pre c ip i t a t ion 
pe r day is requ i re d  fo r opt im um mo t h  fe c u nd i ty and long e ­
v i ty .  L'vloi s t u re cond i t ions  ou ts ide th is  rang e red uc e  ov ipo­
s i t ion . l�Oth fl i g h t  and ov ipos i t ion are gre at e r  wh e n  th e 
d a i ly min i mum tempe r at u re is higher th an 1 2 . 8 0 c and the 
w i nd is les s  th an 1 2 . 9  k i l ome t e r s /ho ur ( B ar l o w , 1 9 6 3; J arv i s  
and Bri nd ley , 1 9 6 5 ) .  
Env ironme n t  has the gr e at e s t inf l uence on l a r v al sur ­
v i val . Ch i ang and Hol d aw ay ( 1 9 6 0 ) re co rded larv al mo r t al i ty 
on te n do ubl e -cro s s  ny br i d s in 1 9 5 7 . App rox i m at e l y  6 0 %  of 
the lar v ae d i e d  w i th i n  two ho u r s  of hat c h i ng . M or t al i ty 
i nc re as ed to 8 0 %  af te r 2 4  ho urs . Th i s  n i g h  le ve l of mo r ­
t ality was no t af f e c t ed by th e hy br id's leve l of re s i s t an c e  
or su s cept ib i l i ty .  Thomps o n  an d  P arke r  ( 1 9 2 8 ) repo r t ed th at  
l arv ae su f fe r  h i gh mo r t al i ty even. und e r  op t imum cond i t ions . 
Sho we r s  et al . ( 1 9 7 8 ) fo und th at 8 1 - 9 3 %  of th e var i ab i lity 
in larv al mor t al i ty co u ld be ex pl a ined by high tempe r at u r e  
and ev apor at ion and it s re l at ed mois ture stres s ,  al so 
incl uded is th e mo i s t u r e  s t re s s  cau s ed by in und at ion . W a t e r 
tens ion cau s e s  drop le ts  to ad h ere to larv ae on th e le a f  s u r ­
f ace , dr own i ng the m , and w at e r  dr aining of f th e pl an t 
c ar r i e s  smal l l ar v ae with it . 
B io tic fac t o r s  may al so in f l uence larv al surviv al . 
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C h i ang and Hod son ( 1 9 7 2) repor ted th e co cc i ne l l i d s  and chy ­
sop i d s  have an imp a c t  on EC B su rv i v al ; h o weve r , the e f f e c ts 
were fo und to be ve r y  loc al i z ed , and incons i s tent  se ason to 
s e ason . Sparks et al . ( 1 9 6 6) con c l uded th at  ins e c t  pr ed a ­
tors co u ld no t be re l i ed upon to al t e r  mul t i vo l t i ne popu l a­
t ion s of ECB. Wre s s e l  ( 19 7 3) and M i l l e r  ( 19 7 1} st u d i ed 
tnre e  nat i ve par as i te s  of EC B in Ont ar io and in Geor g i a ,  
respe c t i ve l y .  Both co n c l ude d th e impact of par as i te s  on ECB 
s u rv i v al w as of minor co n s equence in the i r are as . N at u r al 
p athog e n s  may have a suppr e s s i ve ef f e c t  on EC B su rv i v al . 
T he i r impor t ance is in con c l us i ve ( H il l  et al . ,  1 9 6 7 ; Ch i ang 
and Hod son , 19 7 2 ; Lew i s and Lyn ch , 1 9 7 6 ; Lynch and L e w i s , 
19 76 ) . 
·r ime and L e ve l  of Inf e s t at ion 
In ev al u a t i ng a s i ng l e  ge n e r at ion popu l at ion , Pat ch 
e t  al. ( 1 9 4 2) in f e s t e d  tw o ope n -po l l i n ated var i e t ies and 
four hy br i d s , with  fo u r  le ve l s  of eg g mas s e s . He d i d  so 
over th ree d i f f e re n t  dat e s : June 28th , Ju l y  8 th ,  Ju l y  
1 8 th .  Tne y i e l d  in th e ab s e n ce of bore rs was es t im at ed to 
o e  5 2 7 5 . 0 Kg/H a .  The y i e l d  was red uced 8 8 . 9 ,  7 1 . 1  and 4 8 . 3  
Kg/bo r e r /p l an t  for the th ree re spe c t i ve dat e s  of inf e s t a­
t ion . In a st udy of se cond -g e ne r at ion dam age in Min ne s o t a , 
Ch i ang et al . ( 1 9 5 4 ) repor ted an ins ign i f i c an t  yie l d  los s . 
H e  at tr i b u t e d  th at  in s i g n i f i c ance to late oc c u r ren ce of the 
i n f e s t at ion re l at i ve to pl ant gro wth . Deay et al . ( 1 9 4 9) 
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not ed th at hy br i d s  su bj e c ted to inf e s t at ions ear1 y i n  the i r 
deve lopme n t  had th e  gr e at e s t  yi e l d  los s es . J arv is  et al .  
( 1961 ) inf e s te d  l a t e  and ear l y -p l an t e d  hy br i d s  on th e s ame 
d at e . The smal l e r , l a t e  pl anted hy br id s were mo r e  se v e re l y  
dam aged . 
B as e d  on st u d i e s su ch as the s e , it was ge ne r al l y  fe l t  
th at the gre ate s t  y i e l d  red uc t ions wou ld oc c ur wh e n  in f e s t a­
t i ons be g an in th e who r l  st ag e . Th i s  id e a  was th e fo c u s  of 
a st u d y  oy Lynch ( 19 8 0 )  in Iowa . He in f e s ted fo u r  hy br i d s  
at f i ve st age s  o f  de v e l opme n t : who r l  ( 2 ) , lat� wh o r l  ( 3 ) , 
pre t as s e l  ( 4 ) , po l l e n -s h e d  ( 5 ) , and bl i s te r  ( 6 ) . The le ve l 
o f  in f e s t at ion d i f f e red w i th 0 ,  0 . 5 ,  1 ,  2 and 4 e g g  
m as se s /p l an t  and was compared to a ch em i c al l y  tre at e d  ch e cK .  
In 19 7 5 , no d i f f e re n c e s  wer e  fo und be tween th e di f f e r e n t  
s t age s in tot al or harve s t ab l e  yi e l d . S tage s  2 ,  3 ,  4 and 5 
had gre at e r  to t al yie l d  los s e s th an st ag e  6 in 1 9 7 6 . 
However , in cre as e d  harve s t  lo s s es. fo r st ag e  6 ne g at e d  any 
y ie l d  d i f f e re n ce be tw e e n  th e st ag e s . I n  1 9 7 7 , pl an t s  
i n f e s ted at st age 3 h ad th e gr e at e s t yi e l d  los s , st ag e s  4 
and 5 w ere in t e rmed i at e  and st ag e s  2 and 6 s u f f e re d  the le as t 
y ie ld red u ct ion . No co n s i s t e n t  tre nd was found in t i me of 
i n f e s t a t ion ove r  th e th ree -ye ar stu d y .  The le ve l of 
inf e s t at ion sho w ed th at as the nu mb e r  of eg g mas s e s  pe r 
p l an t  in cre ased , yie l d s  de cre ased . 
L ynch et al .  ( 19 8 0 )  pl aced 0 ,  1 ,  2 ,  4 and 8 eg g 
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m as s e s  per p l a n t  on hy br i d s  in the whor l st age C 2 ) and th e 
pol l e n-shed st age ( 5 ) .  The y repor ted th at y i e l d  red u ct ions  
were gre at e r  at st age ( 5 )  th an at  st age ( 2 ) . 
T he le ve l of in f e s t at ion in each of th e  stu d i e s  was 
cre ated by pl ac i n g  d i f f e re n t  nu mb e r s  of egg mas s e s  on e ac h  
p l an t . A stu dy by Sho w e r s  e t  al .  ( 1 9 7 8 ) f i nd s  no re l a­
t ions h ip be t w ee n  th e numbe r of larv ae int rod uce d and the 
numbe r th at su rv i ve . The numb e r  of lar v ae th at  su rv ive 
i n f l ue n c e s  th e se ve r i ty of dam ag e  and the yi e l d  los s e s  th at  
e n s u e . I n  ad d i t i on , Sho we r s  fo und th at su rv i v al fo r f ir s t  
g e ne r at i on te nde d  to be lo wer th an the se cond ge n e r at ion due 
to en v ironmen t al d i f f e r e n c e s . Th i s  wou ld su gg e s t  th a t  
l ar v ae in f e s t i n g  pl an t s  at who r l  st age wou ld have a lowe r 
s u rv i v al rat e  th an pl an t s  in f e s ted at lat e r  st ag e s . 
� v. 
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Y ie l d  Los s e s  an d  D am ag e  Ev al u a t ion · �ue to d i f f e re nt i al damag e , ev al u a t ion and es t im at ion 
of yie ld red u ct i o n s  by EC B ar e  di f f i c u l t . An ear l y  es t ima­
t ion of  yie l d  lo s s  for a s i ng l e  ge ne r at ion popu l at ion in 
O h io was made by S al te r  and Thatcher ( 1 9 2 7 ) .  Non - in f e s ted 
p l an t s  were compar e d  to nat u r al l y- infes t e d  pl an t s  and ear s 
of the inf e s t ed pl ant s  were found to· be 5 . 1 9 - 9 . 1 4 %  l i gh te r .  
N e i sw and e r  and H e r r  ( 1 9 3 0 ) at tempted to ev al uate the damag e  
o f  ind i v id ual pl a nt s . T h e  ov ipos i t ion a l  bi as of mo th s  
f avo r s  th e large r  pl an t . I t  was noted th at large , bad l y  
d am aged pl an t s  out y i e l d e d  smal l , non - infes ted pl an ts . A 
compar i s on of damag e d  pl a n t s  wi th i n  a f i e l d  was al so un s a-
t i s f ac tory , as pl a n t s  w i t h i n  a f i e l d  te nd to have s i m il ar 
l e ve l s of in f e s t at ion . Compar i ng pl ants in di f f e r e n t  f i e ld s  
i s  unaccep t ab l e  due to d i f f e r e n t i al damag e  cau sed by 
v ar ie t i e s , pl an t i ng d at e s , and oth e r· cu l t u r al pr ac t i c e s . 
P at ch et al . ( 1 9 3 8 ) beg an the pr ac t i ce of hand -
i nf e s t ing pl an t s  in orde r  to more con s i s te n t l y  ev a! u at e  
res u lt ing f i r s t -ge ne r at i on damag e . U s i ng ar t i f i c i al 
in f e s t at ion s , Pat ch et al . ( 19 41 ) compared damag e in hy br i d s 
and open -pol l in a t ed var i e t ie s . The plo t s  were in f es t e d  at 
the whor l  st age , and in mid -Aug us t the pl ants we r e  d i s s e c t e d. 
to f i nd th e me an numb e r  of bore r s  pe r pl ant . H ar v e s t dat a 
w as co l l e c t e d  in Octobe r .  Tot al yi e l d  was re d uce s 2 .  9 9 %  an d 
3 .  6 3  %/bo r e r  /pl an t  for hy br i d s  and an ope n -pol l i n a  t ed 
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v ar i e t y . B as e d  on th e s e  re s u l t s  3 % /bore r  was us e d  as st an ­
d ard yie l d  los s  es t i m at e  for hy br i d s . 
Two stu d i e s  re l at e d  th e rat e of yi e l d  re d uc t i o n  to a 
v ar i e ty's y i e l d  pot e n t i al . P at ch et al. ( 194 2 ) w or k i ng in a 
s ing l e  gene r at ion ar e a  fo und th at hy br ids  wi th a h i g h  y i e l d 
po t en t i al had a gr e at e r  pe r c e n t  y i e l d  red u c t ion . Y ie l d 
l os s e s  were 3 . 93 % /bo r e r /p l an t  wh e n  th e un i nfe s t e d  yi e l d w as 
6 5 8 5 . 9  Kg/ h a  and 3 . 0 5 % /bor e r /pl an t  at 5 , 33 1 . 5  Kg/ h a . De ay 
e t  al . ( 194 9 )  us ed ar t i f i c i al inf e s t at ions to st u dy se cond -
gene r at i on damag e  in 1 6  s i ng l e -cros s hy br id s . •rhe me an 
redu ct ion rat e  for al l hy br i d s  was 1 .  8 5 % /bor e-r/pl an t . The 
h y br i d s  with th e gre at e r  yi e l d  po t en t i al had th e high e r  
r at e s  of yie l d  red u c t ion , bu t st i l l  ou ty i e l ded th e lo we r 
y i e ld pot e n t i al hy br id s . 
C h i ang et al . ( 195 4 ) s t u d i ed damage and yi e l d los s  in 
an ar e a  w ith tw o ge n e r at ions . They repor ted th at th e fi r s t  
g ener at ion was re s p on s i b l e  for th� red uct ion in ear s i ze 
( phys i o l og ic al lo s s ) .  Dam ag e  cau s ed by se cond ge ne r at ion 
res u l ted in  in s i g n i f i c an t  phys i o l og ic al lo s s e s  bu t inc re ase d  
s t al k  bre ak ag e  and e a r  dropp ag e ( harves t los s ) .  They 
con c l uded th at  P at ch's st and ard yi e l d  los s  es t im at e  of 
3 % /bo r e r  w as in appropr i at e  fo r a two-gene r at ion are a ,  and 
th at damag e  cau s e d  by each ge ne r at ion sho u ld be con s  id e red 
s ep ar atel y .  
Bor e r  co u n t s  tak e n  in th e f al l  had been th e s t and ard 
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me thod for re l at i ng damag e  to yi e l d  los s . C h i ang and 
H ol d aw ay ( 1 9 5 9 ) fe l t  th i s  me thod was un re l i ab l e  in a two ­
g ener at ion are a .  I n  a se aso n  w i th a larg e f i r s t - and smal l 
s econd -g e ne r at ion popu l a t ion , damag e  and yi e l d  re d uc t i on 
wou ld be und e re s t i m a t e d  be c au s e  few e r  bore rs wou ld be fo und 
by fal l d i s s e c t i o n . I n  a re v e r s e  s i t u at ion , yi e l d  lo s s  
wou ld be ove re s t i mated . Kwol e k  and B r i nd l ey ( 19 5 9 ) 
s u gg es ted th at  cav i t y  co u n t s  ( 1  c av i ty = 2 . 5 4  em of 
tunne l ing ) w ou ld be a mo r e  s t ab l e  ind e x . The y ci t ed 
uhpu bl i s hed work by Pat ch ( 1 9 5 0 ) and Bec k ( 1 9 5 4 ) and th e i r 
own st u d ie s  in M in ne s o t a ,  Iow a  and Ohio . The le ve l of 
d amage var i e d  at each loc at ion bu t cav i ty co un t s  proved to 
be a more re l i ab l e  cr i t e r ion in ev al uat ing th e tw o ge n e r a­
t ions . Ever e t t  et al. ( 1 9 5 9 ) us ed P enny and D ic ke's ( 1 9 5 9 ) 
1 - 9 l e af - l e s ion ind e x  and re corded an inv e r s e  re l at i o n s h ip 
be tween fi r s t  gen e r at ion le a f - f e e d i ng and yi e ld . Howeve r , 
the be s t  ind i ces for f i r s t -g e ne r at ion damag e  wer e  
c av i t i e s /p l an t  or bo r e r s /pl an t  at the end of th e f i r s t 
g e ne r at ion . J ar v i s  et al. ( 1 9 6 1 ) corre l ated f i r s t ­
g e ne r at ion damag e  w i t h  yi e l d  us ing cav i t y  co u n t s  and le af ­
l e s ion ind i c e s . I n  a fal l su rvey of to t al yi e l d lo s s , 
c av i ty co u n t s  wer e  a be t t e r  ind e x  th an bore r  co un t s . He 
found a 1 - 2 %  lo s s /cav i t y . 
B er ry et al. ( 1 9 7 8 ) us ed reg re s s ion to re l ate 
l e ve l s  of f i r s t  ge ne r at ion le a f - f e e d i ng to y i e ld� In a 
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s e cond re gr e s s i on equ a t i o n , the y  rel ated th e pe r ce n t ag e  of 
p l an t s  in f e s ted to y i e l d . At 0 ,  5 0  and 1 0 0 %  in f e s t at ion , 
y i e ld s  wer e  red uced 0 ,  3 . 5 and 6 . 9 % bas ed on a co n t r o l  yi e l d  
8 , 21 6 . 7 Kg/ h a . Ano th e r  stu d y  by Ber ry and C ampbe l l  ( 1 9 7 8 ) 
found the re l at i o ns h ip be t w e e n  yi e l d  and cav i t i e s  was cu r ­
v i l i n e ar . S o  as th e nu mb e r  of cav i t i e s  in cre as e d  th e yi e l d  
los s pe r cav i t y  de c r e as e d . The au thors al so co n c l uded th a t  
y ie ld los s  was be s t  ex pre s s e d  i n  ki l ogr am s /c av i ty rath e r  
th an pe r ce n t  y i e l d  los s /c av i ty .  
Y ie l d  st u d i e s  have ge ne r al l y  bee n  cond u c t e d  by us i ng 
art i f i c i al in f e s t at ion te c h n ique s .  Lynch et al . ( 1 9 8 0 ) us e d  
a Po i s s on d i s t r i b u t ion to mo r e  clos e l y  mim i c  a nat u r al 
i n f e s t at i on . P l a n t s  we r e  ind iv i d u al l y  harve s t e d  and damag e  
recorded in egg mas s e s  pe r  pl an t . Y ie l d  red uct ion was 
found to � · gre at e r  th an had be e n  pre v iou s l y  repo r t e d  fo r 
art i f i c i al in f e s t at i o n s . F oo t t  and T imm ins ( 1 9 8 1 ) us e d  
n at u r al in f e s t at ions  o f  a bi vo l t ine popu l at ion to ev a l u at e  
d i f f e re nc e s  in yie l d  lo s s e s  be twee n  the f i r s t an d  th e se cond 
g en e r at ions . The y  repor t ed a much higher nu mb e r  of eg g 
m as s e s  was prod u ce d  by th e se cond ge ner at ion . The re s u l t s , 
over th e f i ve -y e a r  te rm of th e  stu d y , re ve al e d  phy s i o log i c al 
los s e s  wer e  gre a t e r  for th e se cond ge ne r at ion th an th e 
f i r s t . R ae m is ch and Wal g e n b ach ( 1 9 8 4 ) stu d i ed yi e l d  red u c ­
t ion cau s e d  b y  nat u r al in f e s t at ions i n  Sou th D ak ot a .  
I nd i v id ual  pl ant s  were di s s e c t ed to f ind cav i t i e s  cau s e d  by 
2 8  
f i r s t  an d  se cond gen e r at i o n , se cond ge n e r a t i on al one and 
were th e n  compared to un i n fe s ted pl ants . Y ie l d  red u c t i o n s  
o f  7 .  6 %  w er e  fou nd for fi rs t an d  an unknown le ve l o f  se cond 
g e ne r at i on and 4 . 1 %/cav i ty fo r second ge n e r at ion alo n e . 
---------------------
VI . E co nom i c  Thr e s ho l d  
T he de c i s  ion to tre at mus t  be bas ed on an acc ur at e  
e s t i mate of ECB popu l at i on . The s ample mus t be rep r e s en ­
t at i ve , tak i n g  spe c i al fe at u re s , l i k e  pl an t he i g h t , 
m at u r i ty ,  or de n s i ty ,  in to ac co un t . 
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O nc e  th e fi e l d  s ample i s  t ak e n , i t  i s  compared t o  the 
E conom ic I n j ury Le ve l ( E I L ) . The EI L is th e popu l at ion de n -
s i ty le v e l  whe r e  _ pot e n t i al dam ag e  wou ld equ al th e co s t  of 
preven t ion . For fi r s t gene r at ion th i s  po i nt is ge ne r al l y  
re ached whe n  a pe r ce n t ag e  of the pl ants have le a f -feed i ng 
d am ag e  and l i ve larv ae in th e  whor l . The pe rce n t ag e  is 
ad j us te d  bas e d  on tre at me n t  inp u t s  and crop re t u rn s . F if ty \-. \ '. 
pe rcen t is th e ge ne r al E I L for dry l and cor n , 3 5 % for irr i - · \ 
g at ed co r n  and 2 5 %  · f or se e d  co r n . ·rhompson and Wh i t e  ( 1 9  7 7 ) 
i n  P r i nc e  Ed w ar d  I s l and and Ch i ang and H udson ( 1 9  7 7 ) in 
Q uebe c , repor t e d  tre at me n t  of s i l ag e  co r n  was une conom ic al . 
R ae m is ch and Wal g e nb ach ( 1 9 8 3 ) fo und s i l ag e  yi e l d s  in Sou th 
D akot a were red u ce d  s i gn i f i c an t l y .  I n  Ont ar io th e C an ad i an 
M in i s try of Food and Agr i c u l t u r e  re commended s i l ag e  cor n  be 
t re ated whe n  7 5 %  of th e pl ant s  have le af -feed i ng ( Anonymo u s , 
1 9 7 7 ) .  The fi r s t ge ne r at ion tre a t me n t  is app l i ed wh e n  5 %  of 
the pl ant s  sampled sho w  midr i b  fe ed i ng . 
T he EI L for se cond ge ne r at ion ge ne r al l y  is re ach ed 
whe n  3 5 - 5 0 %  of th e  pl a n t s  be t w e e n  th e s i l k and bl i s t e r  st ag e s 
are in f e s ted w i th egg mas s e s . Howeve r ,  to re ach a tro r e 
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ac c u r a t e  de c i s i o n , th e sy nch ron i z at ion of in fe s t at ion to 
p l an t  growth st age mus t be de t e rm i ne d . The eg g popu l at ion 
m agn i t u de is  th e n  es t ab l i sh ed . The EI L fo rm u l a ev a! u at e s  
the popu l a t i on de n s i ty , th e propo r t ion of popu l at ion 
con t ro l l ed , v al ue of th e cr op and the fr a c t ion of th e crop 
los t if no t tre at e d . The be n e f i t  mus t ex c e ed th e con t r o l  
cos t in ord e r  to sat i s fy a co r r e c t  de c i s i on . For se cond 
gene r at ion a s i ng l e  app l i c at ion sho u ld be �p l i ed 1 0 - 1 4  d ay s  
af t e r  th e in i t i at i on o f  ov ipo s i t i on . A second sp r ay tre at ­
ment may be requ i red to ach i e ve the de s ired re s u 1 t • I n  th i s  
c as e , the fi r s t  ap p l i c at io n  sho u ld be comple t ed wh en 2 5 - 3 0 %  
o f  th e  ov ipos i t ion has oc c ur red . The se cond app l i c at ion 
fol lo ws se ven days lat e r  ( Anonymo u s , 1 9 8 3 ) .  
Int rod u ct ion 
VII .  M at e r i al s  an d  M ethod s  
31 
A dam age , yie ld red uc t ion re l at i on s h ip was s t u d i ed 
us i ng nat u r al in fe s t at ions of two ge ner at i ons of ECB . The 
obs e rv at i o n al st u d y  employed a comp l e te l y  random de s i g n , 
u s i ng ind i v id ual pl an t s  as ex pe r ime n t al un i ts . The pl an t s  
were se g r e g a t ed in ear l y  Aug u s t  as infe s ted or un i n f e s t e d  by 
f i r s t  ge ne r at ion . In the fal l , pl ant s  we re ev al u a t e d  bas ed 
on th r e e  cl as s i f i c at ions . One , pl an t s  that had not bee n  
infes ted by fi r s t  ge ne r at i on bu t h ad be e n  in f e s t ed by the 
s e cond ge ne r at i on ( se cond ge ne r at ion on l y ) . Second , pl an t s  
th at  had no t be e n  in fe s te d  by fi r s t  ge n e r at ion an d  rem a i ne d  
und am aged by th e se cond ge ne r at i o n  ( und am ag e d  che ck ) .  
L as t l y ,  pl an t s  tn at  wer e  in f e s ted oy fi r s t  ge n e r a t i o n  and an 
unkno wn le ve l of se cond ge ne r at ion ( f i r s t  and se cond 
gene r at ion ) .  
F ie l d s  cho s e n  for th i s  stu dy nee ded to f i t  a ran g e  of 
cr i t e r i a  th at wou ld he l p  to red uc e  the var i ab i l i ty as s o ­
c i ated w i th ind i v id u al pl an t compar i sons . T he fi e l d s  we re 
l e ve l , with a un i fo rm so i l  type , promo t i ng s i m i l ar fe r t i l i ty 
and mo i s t u re cond i t ions . An at t empt to red uce compe t i t ion 
be tween pl an t s  for su n l i g h t , mo i s t u r e  and nu t r i e n t s  was mad e 
by emph as i z ing even st and s and row sp ac i ng . weed corn ­
p e t i t ion was min i m al . F ie l d s  wi th un even ge rm in at ion and 
t i l l e red pl an t s  wer e  el i m i n at ed as po t e n t i al s i t e s . 
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I n  mid to late  Sep t e mb e r , the plo t s  were ev al u at e d  
for damag e  by · re c o rd ing cav i ty cou n ts ( 2 . 5 4 e m  or 1 "  o f  tun ­
nel i ng = on e  cav i t y ) .  I n  1 9 8 4 , gr a i n  or s i l age yi e l d s  we re 
t ak en at eacn lo c at i on . In 1 9 8 5 , both s i l ag e  and gr a i n  
y i e l d s  were re co rd e d  for each loc at i on . The gr a i n  was hand ­
h arves ted , -dr i ed , sh e l l ed and . conv e r t ed to 1 5 . 5 % mo i s t u re . 
S il age yie l d s  wer e  de t e rm i ned by we i g h i ng each pl ant , and 
rel at i ng it s we i g h t  to its cav i ty coun t . The pe r c e n t  pl ant 
mo i s tu re was de t e rm ined by ave r ag i ng th e pe rce n t  mo i s t u re in 
f i ve randoml y se l e c ted pl an t s . The s i l ag e  yi e l d  was 
adj us ted to 6 5 %  mo i s t u re . 
1 9 8 4 Se ason 
H ig h  fi r s t -g e ne r a t ion infe s t at ions made lo c at i ng a 
s i t e  w i th a su i t ab l e  in f es t at i on di f f i c u l t . The se l e c t ed 
s i t e s  were ne ar F t . Thomps on , Elk  Po i n t  and Lower B ru l e 
( F ig ure 1 ) . S ix hu ndred pl an t s  at e ach s i t e  we re marked as 
d amaged or und amag e d  at th e  end of th e fi rs t ge ne r at ion . 
G r a i n  narve s t at F t . Thomps o n  and E l k  Po i n t  took pl ace af t e r  
t he hy br i d s  had re ached ph y s i o l og i c al matu r i ty . A t  Lowe r 
B ru le , s i l age harve s t  oc c u r r e d  ear l i e r  wh e n  th e pl an t s  we r e  
at 6 1 %  mo i s t u re . 
E lk Po i n t  ( Loc at i o n  7 )  
A t  El k Po i n t , 35 - 4 2 %· of th e pl an ts sho wed le af - f e ed i ng 
d am age and had l i ve larv ae in th e whorl . The co rn hy b r i d , 
1984 
6 = FT . T H0'1PSGJ 
7 = ELK Poi NT  
8 = LCMER BRULE 
1985 
1 = AP�OUR-NORTH 
2 = ��UR-SOUTH 
3 = Pl.ArrE-EAsT 
4 = PLATTE-WEST 
5 = �ERLA I N  
FIG . 1 .  1984 AND 1985 PLOT LOCATIONS . 
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C u rry 1 4 2 4 , was pl anted M ay 9 th at 4 9 , 6 6 7  p l an t s /ha ( 20 , 1 0 0  
pl /A ) .  Tn i s  is th e s i ng l e  lo c at i on th at was not i r r i g a t ed . 
The pl ants were ev al uated S ep temb e r  1 5 th fo r cav i t ie s  and 
g r ai n  y i e l d . 
F t .  Thompson ( Loc a t ion 6 )  
L ea f - feed i ng and l i ve
-
larv ae we re obse rved in 2 7 - 3 0 %  
o f  th e plants  at Ft . Thompso n . The cor n  var i e ty , P io ne e r  
3 7 4  7 ,  was pl an ted i� ay 5 th at an act u al pl ant popu l at ion of 
6 2 , 4 9 1  p l an t s /ha ( 2 5 , 3 0 0  p l/A ) . D am ag e  was ev al u ated 
S eptemb e r  1 9 th whe n  cav i ty co u n ts and gr a i n  yi e l d  we r e  
co l l e c ted . 
Lower Bru le ( Loc at i o n  8 )  
A t  Lo wer Bru le , 2 3 - 2 6 %  of the pl ant s  sho wed le a � ­
f e ed i ng and had l i ve larv ae in th e whor l . ·rhe co rn hy br id , 
P ione e r  3 3  7 7 , w as pl anted M ay 3 rd and re s u l t ed in an ac t u al 
p l an t  popu l a t ion of 6 5 , 7 0 2  p l an ts /ha ( 26 , 6 0 0  p l/A ) . O n  
S eptemoe r l O th ,  cav i ty co un ts we re re l ated to eacn pl an t ' s  
we i g ht , ad j us ted from 6 1 % mo i s t u re . 
1 9 8 5  Se ason 
ECB in f e s t at ions  wer e  lo w in 1 9 8 5 , s i te s  wi th s i g n i ­
f i c ant popu l a t i o n s  were d i f f i c u l t  to loc at e . All s i t e s  
s e l e c ted wer e  ir r i g at e d , an d  al l bu t one , Pl at te -E as t , was 
p l a n t e d  ear l y .  One th o u s and pl a n t s  we r e  t ag g e d as dam ag e d  
o r  und amaged at the end of th e f i r s t  ge n e r a t i o n  at each 
l o c at ion . I n  mid to l a t e  Sep temb e r ,  th e s i t e s  we re ev a­
l u at ed for bo th s i l ag e  an d  gr a i n  y i e l d s . 
· A rmo u r-Nor th ( Loc at ion 1 )  
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L e a f  - f e ed i ng and l i ve larv ae in the who r l  wer e  
ob se rved i n  2 5 - 2 8 % of th e pl ants  at Armo u r . The hy br id ,  
DeK al b  T 11 0 0 , was pl a n t e d  M ay 2 nd and re s u l t e d  in a pl an t 
popu l at i on of 5 8 , 3 1 6  p l an t s /h a  ( 2 3 , 6 0 0  p l /A ) . The plo t  
d at a  w as co l l ec te d  Sep t e mb e r  2 5 tn and th e pl ant mo i s t u r e  
aver aged 5 4 % . 
Armo u r-S ou th ( Loc at ion 2 )  
Twen t y - se ven to th i r ty pe rc e n t  of the pl an t s  were 
i n f e s ted with  f i r s t -g e ne r at ion larv ae . The hy br i d , Pione e r  
3 7 0 1 , was pl an t ed M ay 1 s t  an d  re s u l t ed in an act u al pl an t 
popu l at i on of 6 7 , 7 0 5  p l an t s /h a  ( 2 7 , 4 0 0  p l /A ) . The plo t  w as 
ev al u at e d  Sep t e mb e r  3 0 th and th e s i l ag e  ave r ag e d  6 0 %  
mo i s t u re . 
Pl at te -E as t  ( Loc at ion 3 )  
The hy br i d , Pione e r  3 3 7 7 , was pl ant ed M ay 8 th ,  s i x  to 
ten d ays l at e r  th an th e oth e r  fo u r  loc at ions . The ac t u al 
p l an t  popu l a t ion was 6 0 , 0 4 5  p l an t s /ha ( 2 4 , 3 0 0  p l /A ) . The 
f i r s t  ge ne r at ion in f e s t at i on at th e who r l  st age is un known 
b u t  2 6 %  of th e p l an t s  had fre s h fe e d i ng sc ars in ear l y  
Aug us t . The plo t was ev al u ated S ep t emb e r  1 8 th ; at th at t i me 
s i l age ave r aged 5 2 %  mo i s t u re . 
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P l at t e -Wes t ( Lo c at ion 4 )  
Th i s  f i e l d was pl an t ed Apr i l  2 9 th wi th P ione e r  3 3 8 8  
and th e ac t u al pl an t popu l at ion was 6 5 , 1 1 1  p l an t s /h a  ( 2 6 , 3 5 0  
p l /A ) . Th i r t y - th re e  pe r ce n t  of the pl ant showed fre s h  
f i r s t -g en e r at i o n  fe ed i ng sc ars wh en the pl an ts  were seg r e ­
g at ed in Aug us t . The plo t was ev al u ated S ep temb e r  2 4 th ;  at 
th at t i me th e s i l ag e  ave r ag e d  6 0 %  mo i s t u re . 
C h amb e r l a i n  ( Loc at ion 5 )  
The hy br i d ,  Pion e e r  3 1 8 3 , was pl an t ed M ay 2nd and h ad 
an ac tu al pl an t  pop u l a t ion of 5 7 , 0 8 0  p l an t s /ha ( 23 , 1 0 0  
p l /A ) . A t  th e who r l  st ag e , 3 2 % of the pl an ts were fo und to 
h ave le af - f e e d i ng and l i ve l ar v ae in th e whor l . I n  Aug us t ,  
2 5 %  h ad fre s h  fe e d ing sc ars . The pl o t  was harve s ted 
S ep t e mb e r  1 5 th and th e s i l ag e  ave r ag e d  5 8 %  mo i s tu r e . 
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VI I I . Res u l t s -Gr a i n  S tu d y  
1 9 8 4  F ie l d D at a-Gr a i n  Y ie l d  
I nt rod u ct ion 
Two s i t e s  wer e  ut i l i z ed to s t u d y  th e re l at i on s h ip 
be t ween gr a i n  y i e l d  re d u ct ion and dam age in  1 9 8 4 . Bot h  
loc at ions were pl ant e d  th e f i r s t  week in M ay and are con ­
s i dered to be ear l y  pl an t ed . The var i e ty at F t . Thomps on 
w as P ione e r  3 7 4 7 , a 9 9 - d ay re l at i ve mat u r i ty corn prod uced 
und e r  ce n t e r pi vo t  ir r ig at ion . The non - i r r ig ated f i e l d  at 
E l k  Po i n t  was se e d e d  to Curr y  1 4 2 4 , wh i ch has a re l at i ve 
m at u r i ty of 1 0 4  d ays . 
F t .  Thomps o n  ( Loc at i on 6 )  
The -re l at i on s h ip of f i r s t - and se cond -ge ne r at i on 
d am ag e  to y i e l d  was fo und to be curv i l i ne ar ( F ig .  2 ) . 
Regre s s  ion an al ys i s  pred i c ted yi e l d  los s e s  of 6 .  9 % , 1 1 . 3 % , 
1 3 . 6 % ,  1 3 . 4 % and 1 1 . 0 % f o r  1 ,  2 ,  3 ,  4 and 5 c av i t i e s  re s pe c ­
t i ve l y ,  whe n  compared to an und am ag e d  ch e c k  ( UDC ) of 
1 0 , 7 5 6 . 6 k g/ h a  ( 1 6 8 . 3 b u /A ) . The ac tu al tre atme n t  me an 
red u ct i ons are pl aced aro und th e reg re s s ion l i ne in F ig ur e  
1 .  The y ind i c at e  ac t u al y i e l d  re d uc t ions of 1 0 . 8 % ,  1 2 . 8 % ,  
1 3 . 0 % ,  7 . 3 % and 1 5 . 6 % for each su cce s s i ve damag e le ve l and 
are re l ated to th e UDC . 
T he an al ys i s  of se cond -gene r at ion damag e fo und th e 
r e l at ionsh ip to yie l d  to be l i ne ar ( F ig .  2 ) . The pr e d i c t e d  
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FIGf 2 .  GRAI N  Y I ELD RESPONSE TO ECB D.AMAGE AT Fr . H0'1PSON (LOCATI ON 6) 1984. 
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me an red u ct ion is 2 .  0 % /c av i ty . The act u al tr e at me n t  me ans 
are pre s e n ted abo u t  th e re g re s s  ion l i ne . 
E l k  Po i n t  ( Loc at ion 7 )  
The re g r e s s ion an al ys i s  of f i r s t - and second ­
g e ne r a t i on damag e  and y i e l d  ind i c ated a l i ne ar re l at i on s h ip .  
The pre d i c ted me an red u ct ion was 2 . 1 % / c av i ty ove r  f i ve 
c av i t i e s and compared to th e UDC of 8 ,  4 9 4  kg/ h a  ( 1 3 5 . 3  
bu/A ) . The ac t u al tr e at me n t  me ans app e ar abo u t  th e 
r e gr e s s i on l i ne in F ig . 3 .  They sho w  red uct ions of 5 . 2 % ,  
6 . 3 % ,  9 . 8 % ,  9 . 5 % and 9 . 5 % for 1 ,  2 ,  3 ,  4 and 5 c a v i t i e s , 
re spe c t i ve l y ,  whe n  compared to the UDC �  
T he se cond -gene r at ion d am ag e  was al so compared to 
t h e  und am aged yie l d . The me ans were no t fo und to be di f ­
f e re n t  from th e  UDC of 8 ,  4 9 4  k g/ h a  and the slope of th e 
r e g r e s s ion l i n e  was no t d i f f e r e n t  from zero . The me an pr e ­
d i c ted val ue s wer e  cal c u l a t e d  and the act u al tre atme n t  me ans 
are shown in F ig . 3 .  
1 9 8 4  F ie l d D at a  S umm ary - Gr a i n  we i g h t  
T he comb i n at i on of El k Po i n t  and F t .  Thompson f i e l d 
d at a  re s u l ted in a cu rv i l i ne ar re sponse of y i e l d  to f i r s t ­
and se cond -ge ne r at ion dam ag e . The pred i c ted tre atme n t  me ans 
re s u l te d  in red u ct ions  of 5 . 5 % ,  9 . 3 % ,  1 1 . 3 % ,  11 . 6 % an d 1 0 . 2 % 
over  f i ve damag e  le ve l s  wh e n  compared to the UDC of 9 , 5 7 0 . 8  
k g/ha ( 1 5 2 . 5 b u /A )  ( F ig .  4 ) .  
9 0 0 0  
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4 . GRAI N  Y I ELD RESPONSE TO ECB DAMAGE AT ALL LOCATIONS , 
4 1  
4 2  
T he d am age due to se cond -gene r at ion alone re s u l t ed in 
a pre d i c ted s i gn i f i c an t  y i e l d  los s of 1 .  0 % /c av i ty ·, wh e n  com ­
p ar ed to th e UDC o f  9 , 5 6 3  k g/ h a  { 1 5 2  b u/ ac ) .  The ac t u al 
me ans , placed abou t  th e re g r e s s ion l i ne , sho w  yi e l d  red uc ­
t ions o f  1 . 6 % ,  4 . 8 % ,  7 . 9 % ,  0 %  and 6 . 1 % f o r  f i ve su c ce s s i ve 
d am ag e  le ve l s . 
The comb i n e d  an al ys i s  was ach i eved by ad j us t i ng e ach 
obs e r v at ion : 
UDC for E l k Po i n t  
U D C  for Ft . Thomps on 
TOTAL 
AVERAGE 
= 8 , 4 9 4  k g/ h a  
= 10 , 7 5 7  k g/ ha 
= 19 , 25 1  k g/ h a  
= 9 , 6 2 6  k g/ h a  
AD J U STM E N T  FOR EACH LDCAT I ON , APPL I ED TO EACH OBS ERVAT I ON 
F t .  Thomps on Ad j us tmen t = 9 , 6 2 6  k g/ h a - 10 , 7 5 7  k g/ h a  
E lk Po i n t  Ad j us tmen t  = 9 ,  6 2 6  k g/ h a  - 8 ,  4 9 4 k g/ ha 
I t  was fe l t  th at th e re s u l t s pre se n t e d  for th e 1 9 8 4  
s e ason were rep re s e n t at i ve of th e EC B damag e  y i e l d  re l a ­
t ionsh ip in South D ak o t a .  Howeve r ,  damag e lev e l s  w i t h  fe we r 
t h an th i rty obs e r v at ions wer e  no t though t to be comple t e l y  
r e l i ab l e . S pe c i al re f e re n c e  i s  mad e of damage le ve l fo ur at 
F t .  Thompson for f i r s t  and se cond ge ne r at ion and al so se cond 
g ener at ion al one ( Appe nd i x , p .  85 -- F t .  Thompson ) .  For 
t h a t  re ason th e s t u d y  was ex p and ed in 1 9 8 5 , incre as ing th e 
numb e r  of lo c a t ions  and th e nu mb e r  of obs e r v at ions fo r each 
c av i ty le ve l . 
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1 9 8 5  F ie l d  D at a- Gr a i n  Y ie ld 
I nt rod u c t ion 
T he le v e l  of  EC B in f e s t at ion was  gre at l y  red uc e d  from 
i ts 1 9 8 4  l e ve l . As a re s u l t , the s i t e s  stu d i e d  in 1 9 8 5  h ad 
f e w er dam age tr e at men t le ve l s . E ach loc at ion had at le as t 
t h r e e  le ve l s  of f i r s t - and se cond -ge ne r at i on dam ag e , and on e 
l e ve l  of se cond -ge ne r at ion damag e . Four of th e s i t e s  we r e  
p l an t ed th e f i r s t wee k  o f  M ay an d  are cons idered to b e  e ar l y 
p l an t e d . Loc at ion 3 ,  at Pl at t e -E as t  was pl anted M ay 8 th ;  
d i f f e r e n ce s due to pl an t i ng d a t e  wi l l  be not ed l a t e r . E ac h  
s i t e  nad a d i f f e re n t  hy br i d  and al l wer e  gro wn und e r  irr i g a -
t ion . T ab l e  1 h as a l i s t  o f  e ach loc at ion ' s  hy br i d  and i t c::. 
r e l at i ve mat u r i ty . 
T ab l e  1 .  Loc at ion ' s  hy br id and its re l at i ve m at u r i ty 
i n  days , M in n e s o t a re l at i ve mat u r i ty ( M RM ) and grow ing 
d e g r e e  un i t s ( GDU ) . 
GDU to GDU to 
S i te Hyo r i d M R!vl T as s e l  PM * 
( d ays ) 
Loc 1 De K al b  T 11 0 0  1 1 5 1 , 4 2 5  2 , 4 5 0  
Loc 2 P ione e r  3 9 0 1  9 9  1 , 3 3 4  2 , 5 1 5  
Loc 3 P ione e r  3 3 7 7  1 2 2 1 , 4 5 6  2 , 8 0 0  
Loc 4 P ione e r  3 3 8 9  1 2 1  1 , 4 9 0  2 , 7 9 0  
Loc 5 P ionee r  3 1 8 3  1 3 1 1 , 5 2 8  2 , 8 7 9  
Loc 6 P ionee r  3 7 4 7  1 0 5 1 , 38 0  2 , 5 7 8  
Loc 7 C urr y 1 4 2 4  1 0 5 1 , 2 7 5  2 , 3 5 0  
A rmo ur -Nor th ( Loc at ion 1 )  
T he re l at ions h ip of f i r s t - and se cond -g e ne r at ion 
4 4  
d am ag e  to gr a i n  y i e l d  was fo und to be l i ne ar ( F ig . · 5 ) .  
·r he pred i c t ed me an re d uc t ion in yi e l d  was 4 .  2 % /c a v i ty ove r  
t h r e e  cav i t i e s  an d  re l ated to an und am ag e d  ch e ck ( UDC ) of 
1 0 , 6 5 0  kg/h a ( 1 6 9 . 7 b u /A ) . The ac t u al tre atme n t  me ans are 
d i sp l ay ed ab o u t  th e re g r e s s  ion l i ne in F ig . 5 .  From the 
UDC , red u ct ions wer e  4 . 8 % ,  7 . 8 % and 1 2 . 6 % for each su c ­
c e s s i ve cav i ty le v e l . 
D am age due to se cond ge ne r at ion was not fou nd to be 
d i f f e r e nt f rom th e  UDC . The pred i ct e d  tre atme n t  1ne ans 
re f le c t  a los s  of . 8 % /c a v i t y  ov e r  three damage le ve l s . The 
s lope of th e re g r e s s ion l i n e  was not di f f e re n t  from ze ro . 
A rmou r -South ( Loc a t ion 2 )  
The d i s t ance be tw e e n  th e tw o s i t e s  in Armou r  is 
approx i m at e l y  one m i l e . The re are s irn il ar i t i e s  be t w e e n  the 
l e ve l s  of in f e s t at ion , th e ti me of inf e s t at ion and th e 
re s u l t i ng damage . The re g re s s ion an al ys is  of gr a i n  yi e l d  
red uct ion due to f i r s t - and se cond -ge ne r at i on damage 
re s u l t ed in  a l i ne ar re l at ionsh ip . The UDC was  1 2 , 0 4 0 . 1  
kg/ha ( 1 9 1 . 8  b u /A )  and th e pr ed i c t ed me an red uct i o n  was 
4 . 2 % /cav i ty ( F ig .  6 ) .  The ac t u a l  tre atment me ans wh e n  
compared to th e  UD C were re d uced 7 . 5 % ,  8 . 7 % and 1 1 . 8 % ov e r  
t h r e e  dam age le ve l s .  
The se cond -g e ne r at i on dam ag e  did  no t cau s e  yi e l d  
red uct ion d i f f e re n t  from th e UD C . The pred i c ted tre atme n t  
me ans ind i c ated a . 9 % re d uc t ion pe r cav i ty ; howeve r ,  the 
1 1 0 0 
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FIG . 5 .  GRAI N  Y I ELD RESPONSE TO ECB DAMAGE 
AT ARMouR-NORTH (LOCATION 5) 1985 . 
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FIG  I 6" 1  GRA I N  y I Ell) RESPONSE TO ECB DAMAGE 
AT �10UR-SOUTH ( LOCATI ()\J 2) 1985 I 
s lope of th e l i ne was no t d i f f e re n t  from ze ro . 
P l a t t e - E as t  ( Loc at i on 3 )  
·r h i s  is th e s i ng l e  1 9 8 5  lo c at ion in wh i ch the 
re spon s e  to f i r s t - and se cond -ge ne r at ion damag e was cu r -
4 7  
v i l  i ne a r  ( F ig .  7 ) .  The pred i c ted me an had re d uc t  i o n s  of 
7 . 8 % ,  1 0 . 9 %  and 9 . 1 %  f o r  th r e e  su ce s s ive cav i t ie s  wh e n  com ­
p ared to th e UD C of 1 0 , 1 2 6 . 5  k g/ h a  ( 1 6 1 . 3  bu/A ) . The 
ac t u al tr e at me n t  me ans pre s e n t ed in F ig ure 6 show red u c t ions  
o f . 9 . 3 % ,  8 . 7 % and 1 0 . 2 % for 1 ,  2 and 3 c av i t i e s , 
re spec t i ve l y . 
D am age due to th e se cond ge ne r at ion cau s e d  l i ne ar 
red uct ions in y i e l d . Th i s  is th e onl y  1 9 8 5  lo c at ion in 
wh i ch se cond -gene r at i on dam ag e  cau s ed a s ign i f i c an t  y i e l d  
r ed u ct ion . The pred i c t ed red u ct ions we re 3 . 5 % /c av i ty ,  wh e n  
compar ed to th e UD C o f  1 0 , 1 2 6 . 5  k g/ n a  ( 16 1 . 3  b u /A ) ( F ig .  
6 )  • 
P l at te - W es t  ( Loc at ion 4 )  
Y ie l d  red u c t ion due to f i r s t  and se cond ge n e r at ion 
h ad a l i ne ar re s pon s e . F iq .  8 s ho ws a pr ed i c t ed y i e l d  
l os s  of 4 . 3 % /c av i ty ov e r  fou r  cav i ty le ve l s . The und am ag e d  
che ck is 1 2 , 3 6 2 . 9  k g/ h a  ( 1 9 7 . 0 b u /A ) . The act u al me ans , 
al so shown in F ig . H i nd i c ated red u c t ions of 7 . 3 % ,  1 0 . 2 % ,  
1 2 . 0 %  and 1 7 . 9 % .  
The se cond -g e ne rat ion dam ag e  was ve r y  low ,  on l y  one 
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FIG I 7 I GRAI N  y I ELD RESPONSE TO ECB D#1AGE AT PLATTE-EAST (LOCATI� 3) 1985 . 
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F I G  I 8 .  GRAIN  y I ELD RESPONSE TO ECB DPMAGE 
AT PU\TIE-WEST (LOCATI ON 4) 1985 . 
c av ity from the se cond ge ne r at ion is repo r t ed . I ts yi e l d  
l o s s  i s  no t d i f f e r e n t  from th e UDC .  
C hambe r l a i n  ( Loc at i on 5 )  
5 0  
'!'h i s  f i e l d  pl anted as s i l ag e  cor n . Y ie ld was an a ­
l y z ed ove r  fo u r  le ve l s  of f i rs t - and se cond -ge ne r at i o n  
d am age an d  fo und to oe l i ne ar ( F ig .  9 ) . T h e  pred i c t ed 
me an red u c t i on was 5 .  4 % /c av i  ty  de t e rm ined from th e UDC of 
9 , 56 0 . 3 kg/ h a  ( 1 5 1  b u/A ) . The ac t u al tre atme n t s  ind i c ated 
re9 u ct ions of 6 . 6 % ,  1 0 . 5 % ,  1 6 . 7 % and 2 1 . 7 % re l at i ve to th e 
UDC .  
The se cond -gene r at i on dam ag e  was ve ry low and on l y  
one dam ag e  le ve l was re corded . ·rhe pr ed i c t ed me an yi e l d  
red u ct ion of 1 . 4 % /c av i ty was not found to be di f f e re n t  from 
the uo c .  
S urrun ar y  of th e 1 9 8 5  Gr a i n  Y ie l d  D at a  
The comb i n e d  an al ys i s  of all· 1 9 8 5  lo c at ions was 
ac compl i s h ed in the same manne r as was de s c r i bed fo r the 
1 9 8 4  d at a .  The re l at ions h ip of yi e l d  to f i r s t - and se cond ­
g e ne r at i o n  dam age appe ars to be l i ne ar ( F ig .  10 ) .  ·rhe 
und amag ed ch e ck is 1 0 , 9 0 8 . 4  k g/ h a  ( 1 7 3 . 8  bu/A ) . Y ie l d  
los s e s  for each su cce s s i ve cav i ty is 4 . 5 % .  A s  a way of 
re v ie w ,  ·rab l e  2 r e l a t e s  the pe r c e n t  red u c t ions fo r th e  
ac t u al tr e at me n t  me ans of each 1 9 8 5  lo c at i on , an d  con t r as ts 
i t  w i th th e  re d u c t ions  from th e  pre d i c ted me ans fo r th e 
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10 . GRAI N  YI ELD RESPONSE TO ECB DAMAGE 
AT ALL 985 LOCATIONS 
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comb i ned 1 9 8 5  d at a .  
T ab l e  3 .  Per c e n t  y i e l d  re d uc t ions fo r each 1 s t  and 
2 nd gene r at i o n  dam ag e  le ve l from al l  1 9 8 5  loc at i o n s  and the 
pred i c ted pe r c e n t  y i e l d  red uct i o n  from reg r e s s ion ana l ys i s . 
( * f i r s t - and se cond -ge ne r at ion damage * )  
D am age La c 1 Lac 2 Lac 3 Lac 4 La c 5 Pred i c ted 
- -- - - - - - - - - - - - - - - - - - - % --- - - - - - - - - - - - - - - - - - - - -
1 cav ity 
2 c a v it i e s  
3 cav it i e s  
4 cav i t i e s  
4 . 8  
7 . 8 
1 2 . 6  
7 . 5 
8 . 7 
11 . 8  
9 . 3 
8 . 7 
1 0 . 2  
7 . 3 
1 0 . 2  
12 . 0  
1 7 . 9  
6 . 6 
1 0 . 5 
16 . 7  
21 . 7  
4 . 5 
9 . 0 
1 3 . 5  
1 8 . 0  
F ig .  1 1  d i s p l ay s  th e f i r s t - and se cond -ge ne r at ion 
r e g r e s s i on l i ne s  for each of  th e 1 9 8 5  l o c at ions . F ou r  of 
the l i n e s  are l i ne ar and pred i c t  yi e l d  los s e s  of 4 . 1 % ,  4 .  2 % , 
4 . 3 % and 5 . 4 % cav i t y  for lo c at i o n s  1 ,  2 ,  4 and 5 re spe c -
t i ve l y .  Onl y re s u l t s  from lo c at i on 3 were fo und to h ave a 
cu rv i l i n e ar ef f e c t . 
T he damag e  due to se cond ge ne r at ion was fo und to 
c au s e  y i e l d  red u ct i o n s  d i f f e r e n t  from th e UDC at on l y  one 
1 9 8 5  lo c at ion ( P l at te - E as t ) .  Th i s  is al so th e onl y  lo c at ion 
th at was no t pl an t e d  ear l y .  Comb i ned an ai ys i s  of  1 9 8 5  
s e cond -g e ne r at i o n  damage fo und a l i ne ar ef f e c t  ( F ig .  10 ) .  
'r he pred i c t ed red u ct i o n /cav i t y  was 1 .  5 %  compared to an UD C 
o f  1 0 , 9 3 4 . 5  k g/ h a  ( 1 7 4 . 2  b u /A ) . 
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FIG .  11 .  GRAI N  Y I ELD RESPONSE TO 1sT AND 2ND 
GENERATI ON Dft.MAGE AT ALL I ND IVIDUAL 1985 LOCATIONS . 
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IX. D is c us s ion of th e 1 9 8 4  and 1 9 8 5  Gra i n D at a  
The dam ag e  due to f i r s t  and se cond ge ne r at ion com -
b i ned by ye ar s , demo n s t r at e  a curv i l i ne ar ef f e c t  on y i e l d  
( F ig .  12 ) .  The pre d i c t e d  red uc t ions fo r each damag e  le ve l 
me an of bo th 1 9 8 4  and 1 9 8 5  were 6 . 1 % ,  10 . 2 % ,  1 2 . 3 % ,  1 2 . 5 % 
and 1 0 . 6 % compared to th e und am ag e d  ch e ck of 1 0 , 6 0 3 . 6  k g/ h a  
( 1 6 8 . 9  bu/A ) . T ab l e  3 s u mm ar i z es  the ac t u al pe r ce n t  red uc -
t ions for fi r s t - and se cond -g e ne r at i on dam age at each loc a-
t i on . I t  al so in c l u de s th e pred i c ted y i e l d  los s e s  fo r al l 
d am age le ve l s . 
(r ab l e  3 .  Per c e n t  y i e l d  red uct ion fo r 1 s t and 2 nd 
g e ne r at ion dam age from al l 1 9 8 4  and 1 9 8 5  lo c at ions arid th e 
pr ed i c ted pe r ce n t  y i e l d  re d uc t ions fr om reg re s s ion an a l ys i s . 
1 9 8 4  f i r s t - and se cond -ge ne r at ion damage 
F t . Thompso n  E l k  Po i n t  Pred i c t e d  
- -- -- - - - - - - - - - - - - - - - % --- - - - - - - - - - - - - - - - - - -
1 c av i t y  1 0 . 4  5 . 5 5 . 5 
2 c av it i e s  1 2 . 4  5 . 6 9 . 3 
3 c av it i e s  1 3 . 5  1 0 . 1  1 1 . 3  
4 c av it i e s  6 . 9  9 . 4 1 1 . 6  
5 cav it i e s  1 5 . 2  9 . 4 1 0 . 2 
1 9 8 5  f i r s t - and se cond -g e ne r at ion dam ag e 
1 c av it y  
2 c av i t i e s  
3 c a v i t i e s  
4 c av it i e s  
Armo u r - Armo u r - Pl at t e - Pl a t t e - C hamb e r - Pre d i c -
No r th Sou th E as t  we s t  l a i n  ted 
- -- - - - - - - - - - - - - - -- - - - - % -- --------- - - - - - - - - - - - -
4 . 8 
7 . 8 
1 2 . 6  
7 . 5 
8 . 7 
1 1 . 8  
9 . 3 
8 . 7 
1 0 . 2 
7 . 3 
1 0 . 2 
1 2 . 0  
1 7 . 9  
6 . 6  
1 0 . 5 
. 1 6 . 7  
21 . 7  
4 . 5 
9 . 0 
1 3 . 5 
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FIG , 12 .  GRA I N  Y IELD RESPONSE TO E(] DPMAGE AT 
ALL 1984 AND 1985 LOCATIONS , 
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Raem i s ch and Wal g en b ac h  ( 1 9 8 4 )  us ed the same s e g r e ga t i on s  as 
t ne pr e s en t  s tudy in an ear l i e r eval uat ion of EC B damage in 
S outh Uako t a . They re po r t ed gra in yi e l d  re d uc t i on s  by the 
i i rs t and secon d  gen e ra t i on of  7 . 6 % / cav i ty when compa r ed to 
an undamag ed che c k  of 1 7 8 . 8 bu / A wi th the average damage 
l eve l of 3 . 6 cav i t i e s / p lan t . 
A curv i l in e ar re s p ons e to fi rs t - and s e cond -
g en e r a t i on damag e was re p o r t e d  by �erry and C am p b e l l  ( 1 Y 7 � ) 
t o r  a s i ng l e  cr o s s  hy br i d  and i t s  par en t in b r e d s .  The 
r e s pon s e  was no t e d  on l y  on e ye ar of the two year s tu d y  and 
was though t to be the re s u l t  of mo i s ture s t r e s s  in J un e  and 
J uly . In th e pre s en t  s tu d y , on l y  two ind iv id ua l  s i t e s  
d emon s trated  a curv i l i n e a r  re s p on s e (Tab l e 4 ,  Co l umn 1 ,  
Lo c a t ions 3 and 6 ) . 
Tab l e  4 .  Regr e s s i on r e s p ons e ot gra i n  yi e l d to 
d amag e  by 1 s t and 2nd , and 2nd generat ion alon e . 
F i r s t and 
s e c on d  gene r a t ion S ec on d  gen e r a t i on 
1 9 � 5  
Loc a t ion 1 l in ear * *  NS 
Loc a t ion 2 l in e ar * *  NS 
Loca t i on 3 quad * *  l i n e ar * 
Loca t i on 4 l in e ar ** NS 
Loca t ion 5 l in e ar ** NS 
1 9 � 4  
Locat i on 6 quad * *  l in e ar ** 
Loc a t i on 7 l in e ar ** NS 
C om b ined 1 9 d 4  quad ** l in e ar ** 
C om b ined 1 9� ) l in e ar ** l i near * *  
rlotn 1 � 84 (X 1 9 � 5  quad * *  l i n e ar ** 
5 8  
O ne s i t e i s  from 1 9 8 4 , an o th e r  from 1 9 8 5 , bo t h  we re irr i ­
g ated . B ec a u s e  th e s e  lo c at io n s  were ir r i g ated th e re s po n s e 
w as no t tho u g ht to be re l at ed to mo i s ture stre s s . I n  bo th 
i ns t ances , th e s i gn i f i c an t  qu ad r at i c  re sponse to f i r s t - an d 
s e cond - g e ne r a t i on damage was matched by a s ig n i f i c ant l i ne ar 
y ie ld los s  of th e se cond ge ne r at ion al one . I t  may be th at 
the unk no wn le vel of se cond -gene r at ion damage is re s p on s i b l e  
f or th i s  re s pon s e . 
A po i n t  of in t e re s t  is the incre as e in pr ed i c t e d  
y ie l d at th e f i f th cav i t y  le v e l . Th i s  ef f e ct was not e d  in 
F ig ures 6 ,  1 and 3 f o r  f i rs t - and second -ge ne r at ion damag e  
f or Loc at i o n  3 and 6 and th e comb i ned da t a  of 1 9 8 4 . The 
e x p l an a t i on ce n t e r s  on er ror tn at acc rued dur i ng the damag e  
e v al u at io n . Pl ant s  th at had be e n  tag g e d  bu t we re bro k e n  
o v e r  by harve s t  ti me wer e  no t ev al u ated . T h i s  i s  due to 
the poo r co nd i t i o n  of th e ear and s t al k th at has con t ac t ed 
the so i l . S t al ks th at wer e  broke n  ov er te nded to be th e 
p l an t s  w i th th e  gr e at e s t damag e . Pl ant s th at we re bad l y  
d am ag ed and re m a i ne d  st and i ng rep r e s e n t  th a t  propo r t ion of 
the gro up th at ar e  mor e  vigorous  and th e res u l t s  re f l e c t  
t h a t  bi as . The 1 9 8 5  d a t a  was le s s  af f e cted by th i s  bi as  
f or two re a s o n s . One , th e  ov e r al l damag e was lo we r 
r es u l t ing in fe w e r  broken st al ks . Second , mo re obs e r ­
v at io n s  wer e pro ce s s ed i n  1 9 8 5 , con t r ib u t i ng to gr e at e r  
p re c i s ion . 
5 9  
The rat e of y i e l d  lo s s  for se cond -ge ne r at i on d am ag e  
w as con s i s te n t l y  le s s  th an th at for the f i r s t and se cond 
g e ne r at ion . F t . Thomps o n  and P l at t e - E as t  we re the on l y  
loc at ions in wh i ch se cond -ge ne r at ion y i e l d  red u c t i on was 
found to be d i f fe re n t  from th e und amaged ch e ck .  The rat e of 
red uct ion pre d i c t e d  by reg re s s ion an al ys is  of the 1 9 8 4  and 
the 1 9 8 5  d a t a fo und y i e l d  lo s s  due to second -ge ne r at ion 
d am ag e  to be l i ne ar . The rat e of  yield los s  was  • 9 %  an d  
1 . 5 % /cav i ty for 1 9 8 4  and 1 9 8 5  re spe ct i ve l y  wh e n  compared to 
UDC ' s of 9 , 5 6 2 . 8  k g/ h a  ( 1 5 2 . 4 b u /A )  and 1 0 , 9 3 4 . 5  k g/ h a  
( 17 4 . 2 b u/A ) . 
I n  an earl i e r  stu d y  in I nd i an a ,  De ay et al .  ( 1 9 4 9 ) 
ar t i f i c i al l y  inf e s t ed pl ant s  as the y  be g an to show s i l ks . 
T he y  fo und th e rat e of y i e l d  los s  incre as ed as the hy br i d s  
y i e l d  pot e n t i al in c r e as ed . D am ag e  by se cond -ge ne r at ion 
c au s e d  yie l d  re d u c t ions  of  1 . 8 1 %  an d 2 . 9 5 % /bore r/pl an t wh e n  
und am ag ed ch e cks wer e  4 , 1 8 9 . 9  k g/ h a  an d  5 , 5 5 1 . 0  k g/ h a , 
respe c t i ve l y .  C h i ang et al .  ( 1 9 5 4 ) us ed a nat u r al inf es t a­
t ion of th e se cond ge ne r at ion to me as ure yi e l d  los s in a 
l at e -p l an t ed hy br i d .  He fo und no ev idence of a s ign i f ic an t  
y i e l d red u ct ion due to se cond ge ne r at ion i n  M in n e so t a . 
J ar v is et al .  ( 1 9 6 1 ) us ed nat u r al and art i f i c i al inf e s t a­
t ions to st u d y  dam age in ea r l y  and late pl an ted hy br id s . 
d e  repor ted th a t  th e  pe r ce n t ag e  of red uct ion due to se cond 
g e n e r a t ion was much le s s  th an th a t  of the f i r s t  ge ne r at i on 
6 0  
i n  bo th re s i s t an t  an d  su s c e p t ab l e  hy br i d s . 
A s  pr e v i o u s ly st ated , the study by Raem i s ch and 
W al genb ach ( 1 9 8 4 ) us e d  method s s i m i l ar to th e cu r r e n t  study . 
T hey repor t e d  se c o nd -g e ne r at i on lo s s e s  of 4 . 1 % /cav i ty 
av er aged ove r  2 .  8 c a v i t i e s /p l ant · and compared to a UD C of 
1 7 8 . 8 bu/A .  The loc at ion , pl an t i ng dat e , hy br id and 
mo i s tu re av a i l ab i l i ty are al l compar abl e  to th i s  stu d y .  One 
f actor no t known is the ti me of inf e s t at ion . A stu dy by 
Lynch ( 1 9 8 0 ) fo und th at pl ant s  in f e s t ed af t e r  po l l e n -shed , 
in th e  bl i s te r  st age su f fe red le s s  phys i o l og ic al yi e l d  
los s e s  th an p l an t s  in f e s te d  at st ag e s · pr i o r  to po l l e n - shed . 
G uth r i e et al .  ( 1 9 7 5 ) repor ted a 3 4 . 8 % re d uct ion in phy ­
s i o l og ic al yi e l d  whe n  pl a n t s  we re ar t i f ic i al l y  inf es t e d  at 
po l l e n -shed . All lo c at ions 
·
us ed in the pr e s e n t  s t u d y  we re 
t agg ed ne f ore th e  se cond -g e n e r a t ion inf es t at ion beg an . The 
p l an t s  at al l loc at i ons were pas t th e po l l e n -shed st age and 
s o  were in some por t ion of th e bl i s t e r  st age as the se cond 
g e ne r at ion be g an .  
S ep ar at i ng th e dam age cau s ed by each of the ge n e r a­
t ions can no t be do ne ac c u r ate l y  in th i s  stu d y .  J ar v i s  et 
al . ( 1 9 6 1 ) an al yz ed th e in t e r ac t ion be tween f i r s t  ge n e r at ion 
and se cond ge ne r at i on . He co n c l uded th at an int e r ac t i o n  di d · 
not ex is t , th at damag e  cau s e d  by f i r t ge ne r at ion and se cond 
g e ne r a t i on w as cum u l at i ve . The y i e l d  red u c t ion of th e f i r s t 
c an be add e d  to th e  y i e l d  re d u ct ion of th e se cond to ge t th e 
6 1  
to t al y i e l d  los s .  C h i ang et al . ( 1 9 6 0 ) fo und pl ant s  th at 
h ad be e n  inf e s te d  by f i r s t ge ne r at i o n  l ar v ae we re le s s  
at t r ac t i ve for mo th ov ipo s i t ion of the se cond ge n e r at ion . 
A l so lar v ae th a t  d i d  hatch on tho s e  pl ants h ad red uced su r ­
v i v al . B as ed on th e s e  repor t s , a cru de es t im ate cou ld be 
u s ed to par t i t ion th e dam ag e  in th i s  st u d y .  ·rhe comb i ned 
d amage of  th e f i r s t  and unkno wn le v e l  of  the second ge ne r a­
t ion is th o u gh t  to have a cumul at i ve rat h e r  th an int e r ac t i ve 
e f f e c t . So th e unk no wn leve l of se cond -ge ne r at i on damag e is 
at le as t equ al to th e re corded damg e cau s ed by the se cond 
g e ne r at i o n  al one . Bec aus e  ov ipos i t ion and l arv al su r v i v al 
i s  be l i e ve d  to be lower in pl an t s  in f e s ted by f i r s t ge ne r a­
t ion , a fr ac t i o n al es t imate of se cond ge ne r at i on damag e  is 
s u bt r ac t ed . The re m a i nd e r  wou ld le ave a maj o r propo r t ion of 
the damag e  at t r i b u ted to th e f i r s t  ge ne r at ion . 
X .  Res u l t s - S il ag e  Stu dy 
1 9 8 4  and 1 9 8 5  F ie l d D at a- S il ag e  Y ie ld 
I nt rod uct i on 
6 2  
Pl a n t  we i gh t  dat a w as co l l e c ted at each 1 9 8 5  lo c at ion 
b u t  on l y  on ce in  1 9 8 4 . We i gh t s  for ind i v id u al pl ant s  were 
conve r ted to me t r i c  ton s /h a  at 6 5 %  mo i s tu r e . All  yi e l d  
red uct i o n s  were fou nd to be the re s u l t  of f i r s t - and second ­
g e ne r at ion damag e . The se cond ge ne r at i on alone was no t 
fo und to cau s e  s i gn i f i c an t  y i e l d  los s  at any loc at ion . The 
rel at i ve mat u r i ty of th e hy br i d  may be an impo r t an t  f ac to r  
in pred i c t i ng th e l ik e l y  y i e l d  re sponse to damag e . Rel at ive 
m atu r i ty is a compar i s o n  of the time req u i red for a var i e ty 
to re acn var i o u s  gro w th st age s . The s t ag e s  mo s t of t e n  
re fe rred to are s i l k i ng , po l l e n -shed and phy s i o log i c al 
m atu r i ty ( Ptvl ) . PM is the po i n t at wh i ch dry mat t e r  acc umu­
l at ion ce a se s ; it is de no t e d  by a bl ack ab s c i s s ion l ay e r  at 
th e bas e of th e ke rne l . S ys tems to rat e re l a t i ve mat u r i t y  
mos t  commo n l y  us e d  ar e M in ne s o t a  Rel at i ve M at u r i ty ( M RM ) an d  
G ro w ing D e g r e e  Un i t s  ( GDU ) .  MRM ave r age s the days req u i red 
for se ason al de ve l opme n t  ove r  se ve r al ye ar s in one lo c at ion . 
GDU are cal c u l at e d  by su bt r ac t ing a bas e tempe r at u r e  from 
the ave r ag e  of th e max imum and mi n imum tempe r at u r e s  fo r the 
d ay .  
s o o F .  
GD O = max i mum te mpe r at u re + m i n i m um tempe r at u re / 2  
E ig h t y - s i x  de g r e e s  is th e highe s t  tempe r at u re to be 
u s ed as a max i mum and s ao F is th e lowes t to be · used fo r a 
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m i n i m um . T ab l e  5 co n t a i ns th e hy br id s gro wn at each loc a -
t ion and th e re l at i ve mat u r i ty of each in days and gro w i ng 
d e g r e e  un i t s . 
T ab l e  5 .  E ac h  lo c at ion ' s  hy br id and its re l at i ve 
m a t u r i ty i n  days , M in ne s o t a re l at ive mat ur i ty ( MRM ) and 
gro w ing de g r e e  un i ts ( GDU ) . 
GDU to GDU to 
S i te Hyb r i d  D ays t as s e l  PLY! * 
Loc a t ion 1 De K al b  T ll O O  1 1 5 1 , 4 2 5  2 , 4 5 0  
Loc a t i on 2 P ione e r  3 9 0 1  9 9  1 , 3 3 4  2 , 5 1 5  
Loc a t i on 3 P ione e r  3 3 7 7  1 2 2 1 , 4 5 6  2 , 8 0 0  
Loc a t i on 4 P ionee r 3 3 8 9  1 2 1 1 , 4 9 0  2 , 7 9 0  
Loc a t i on 5 P io ne e r  3 1 8 3  13 1 1 , 5 2 8  2 1 8 7 9  
Loc a t i on 8 P ionee r 3 3 7 7  1 2 2 1 1 4 5 6  2 , 8 0 0  
Lower Bru le ( Loc at ion 8 )  
The s i l age y i e l d  re s po n s e  to f i r s t - and se cond -
g e ne r a t ion dam age is cu r v i l i n e ar ( F ig .  13 ) .  ·rhe ac t u al 
t r e a t men t me an s ar e  pl aced ab o u t  the reg re s s ion l i ne . Th a t  
l i ne pre d i c t s  y i e l d  re d uct i o n s  o f  -9 . 6 % ,  1 5 . 4 % ,  1 7 . 0 % and 
1 4 . 6 %  ov er fo u r  su cce s s i ve cav i ty leve l s  wh e n  compared to a 
UDC of 7 6 . 5 4 me t r i c  tons / h a  ( 3 4 . 2  tons /A ) . The ave r ag e  
g row ing de g r e e  un i t s ( GDU ) av a i l ab l e  fo r th i s  loc at ion , 
2 , 8 0 0  GD U  1 m ak e  fu l l  us e of P ione e r  3 3 7 7  ' s  re l at i ve mat u r i ty 
wn ich re qu i r e s  1 1 3 3 4  GD U to tas s e l  and 2 1 8 0 0  GDU to re ach 
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A rmo u r -Nor th ( Lo c at i on 1 )  
Regr e s s i o n  an al ys i s  ind i c ated a l i ne ar re l a t i on s h ip 
b e tween f i r s t - and se cond -g e n e r at i on dam age and s i l ag e  
y i e l d  ( F ig .  14 ) .  The ac t u al tr e atme n t  me ans record lo s s e s  
o f  3 . 8 % ,  9 . 4 % and 1 1 . 0 %  f o r  1 ,  2 and 3 c av i t i e s  wh en com ­
p ared to an und am ag e d  ch e c k  of 5 3 . 6  me t r i c  ton s /h a  ( 23 . 9  
ton s /A ) . The pre d i ct ed rate of los s  was 4 . 0 % /c av i ty .  The 
h y br i d gro w n  at _ th i s  s i t e , De K al b  T 11 0 0 ,  requ i r e s  ca . 1 , 4 2 5  
GDU to re ach tas s e l  an d  ca . 2 ,  4 5 0  t o  re ach phy s i o l og i c al 
m at u r i ty ( PM ) . I t  is a hy br id su i ted to th e Armo u r  are a  
wh i ch ave r ag e s  2 , 9 0 0  GDU/ye ar . 
A rmo u r -South ( Lo c at i on 2 )  
C ond i t ions at th i s  s i te mim i c  those of the pr e ce d i ng 
l o c a t i on . Pl an t i ng date  and in f e s t at ions are s im i l ar . The 
hybr i d from th i s  lo c at ion , Pione e r  3 9 0 1 , has a mo r e  rap i d  
d e ve l opme n t  to tas s e l  th an DeK al b  ·� 11 0 0 ,  1 ,  3 3 4 GDU v e rs u s  
1 , 4 2 4  GDU .  Howe ve r , th i s  re ve r s e s  in de v e l opme n t  to PM , 
P ione e r  3 9 0 1  requ i r e s  2 , 5 1 5  GDU to DeK al b ' s  2 , 4 5 0  GDU . The 
regre s s ion l i ne pre d i c t s  a lo s s  of 3 . 4 % /c av i ty ove r  th re e 
c av i ty le ve l s  whe n  compar ed to a UDC of 4 4 . 4  me t r i c  ton s /ha 
( 1 9 . 8  ton s /A )  ( F ig .  15 ) .  Act u al tre atme nt me ans ind i c at e  
red uct ions o f  9 . 6 % ,  6 . 4 % and 9 . 2 % f o r  1 ,  2 and 3 c av i t i e s , 
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Pl at t e - E as t  { Lo c at ion 3 )  
The re g r e s s i o n  an al ys i s  of f ir s t - and se cond ­
g e ne r at i on dam age prod u ce d  a l i ne th at was not di f f e re n t  from 
z e ro . The ac t u al tr e at me n t  me ans re f le c t ed red u c t i o n s  of 
2 . 6 % ,  . 6 % and 3 . 7 % f or 1 ,  2 and 3 c av i t i e s  wh e n  compared to 
a UD C  of 5 0 . 9  me t r i c ton s /ha ( 2 2 . 7 tons /A )  ( F ig .  1 6 ) .  
The hy br i d , Pione e r  3 3 7 7  h as a re l at i ve mat u r i ty of 1 2 2 
d ays , it re ach e s  tas s e 1 at 1 , 4 5 6 GD U and PM at 2 , 8 0 0 GD U • 
P l a t t e -W es t  ( Lo c a t ion 4 )  
T h i s is a co n t r as t  in some re spe c t s  to th e pre c e d i ng 
s i te .  The re s p on s e  to re g r e s s ion � al ys i s  was cu rv i l i ne ar 
( F ig . 1 7 ) .  The pred i c ted re d uc t ions in s i l age yi e l d s  we re 
7 . 1 % ,  1 1 . 6 % ,  1 3 . 4 % and 1 2 . 4 % ov er fo ur su cce s s i ve cav i t i e s  
whe n  compared to a UDC of 5 8 . 8 me t r i c  to ns /ha ( 26 . 3 
to n s /A ) . The hy br i d ,  Pione e r  3 3 8 9 , has s i m i l ar rel at i ve 
m a tu r i ty of 1 2 1  d ays to th e hy br id of Loc at ion 3 ( P ionee r 
3 3 7 7 ) , 1 2 2 d ays . The P ionee r 3 3 7 7  re ach e s  tas s e l  at 1 , 4 5 6  
GD U v e r s u s  1 , 4 9 0 GD U o f  P ione e r  3 3 8 9 • '.r he P ion e e r 3 3 7 7 w as 
al so pl an t e d  se v e n  days lat e r . I t  was fo und th at the two 
i n f e s t at i ons wer e  sl i g ht l y  d i f f e r e n t . Loc at ion 3 h ad le s s  
f i r s t - and h i g h e r  se cond -gene r at ion damag e . 
C h amb e r l a i n  ( Lo c a t ion 5 )  















SILAGE WT=S l  .2- . 4• CAVITIES R••2= .00 0 3  
* 
; 5 0 �---;:-- -=�;_ __ _ 
&-&6 1 &2 
SILAGE WT=SO. 9 - . 09• CAVITIES  R••2= . 003 
4 5 �----------�----------�r-----------� 
0 1 2 3 
CAV I T I E S / P L AN T  
P
FIG . 1§! S I LAGE Y IELD RE�EQNSE TO ECB DAMAGE AT LATTE-CAST (LOCATION 5) l� . 
6 9  
6 5  
' 




* * * 2 
* 
b-&6 1 &.2 
SILAG£=58 . 8 - 5. 02• CAVITIES+ .B•CAVITIES•• 
P.••2=. 070 
4 S L-------�--------.-------��------� 0 2 . 3 4 
C A V I T I E S /P L AN T  
FIG I 17 I sI LAGE y I ELD RESPONSE TO ECB DAMAGE AT PLATTE-WEST (LOCATION 4) 1985� 
7 0  
7 1  
hy br i d  se l e c ted had a re l at i ve mat u r i ty much lon g e r  th an is 
c u s tom ar i l y  gro w n  in Sou th D akot a .  P ione e r  3 1 8 3  h as a re l a­
t i ve mat u r i ty of 1 3 1 d ay s . The requ i reme n t  fo r t as s e l  and 
b l ack- l ayer ( PM )  de ve l opme n t  ar e 1 , 5 2 8  GDU and 2 , 8 7 9  GDU 
r e s p e c t i ve l y .  H e a t  un i t  ac c u mu l at ion ave r ag e s  2 , 8 5 0  GDU fo r 
th i s  ar e a .  S i l ag e  y i e l d s  were h i g h , 6 7 . 9  me t r i c  ton /ha 
( 30 . 3 ton s / ac ) .  The pred i c t ed lo s se s  were 1 3 . 4 % ,  22 . 3 % ,  
2 6 . 6 %  and 2 6 . 3 %  ove r  fo u r  su cce s s i ve cav i t i e s  ( F ig .  18 ) .  
T ne ac t u al tr e at me n t  me ans ind i c ated re d uc t ions of 1 5 . 4 % ,  
2 2 . 8 % ,  2 1 . 1 % and 3 0 . 5 % f o r  th e fo u r  damage le ve l s , 
r e spe c t i ve l y .  
7 0  
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FIG I 18 I s I LAGE y I ELD RESPONSE TO ECB DftMAGE 
AT �ERLAI N (LOCATION 5) 1985 , 
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X. D i s c u s s i o n  of 1 9 8 4  and 1 9 8 5  S il ag e  Y ie l d  D at a  
T he re d u c t ions in pl ant we i g h t we re s ign i f i c an t  in 
f i ve of th e s i x  loc at ions ev al au ted . The comb i ned an al ys i s  
o f  1 9 8 4  and 1 9 8 5  d a t a  shows th e pred i ct ed red uc t i o n s  in 
s i l age yie l d  wer e  5 .  0 % /c av i ty wh en compared to a UD C of 5 8 . 4  
me t r i c ton s /h a  ( 2 6 . 1 tons /A )  ( F ig .  1 9 ) .  C h i ang and 
Hol d aw ay ( 1 9 5 9 ) rep o r t e d  red uced le af -s i z e  and sho r t e ned 
i n t e rnod e s  due to med i um and he avy inf e s t at i o n s  of the f i r s t 
g e ne r at ion . I n  a lat e r  st u d y  the y  re l ated red uced pl ant 
he i g ht 1 espe c i al l y in an ear l y  pl ant ed sus cep t ib l e  hy br i d  1 
to a red u c t i o n  in me an gr a i n  we i g h t  ( C h i ang and Hold aw ay 
1 9 6 5 ) .  Thompso n  and Wh i te ( 1 9 7 7 ) stu d i ed s i l ag e  yi e l d  
l o s s e s  for a th r e e -y e ar pe r iod on P r i n c e  Edward I s l and . 
T he y  fou nd max i mum dry mat te r red uc t ions of 1 8 % 1  1 0 % an d 1 0 %  
were st at i s t i c al l y ins i g n i f i c an t  in a tre ated ve r s u s  
untre ated compar i son . R ae m i s ch and W al genb a ch ( 1 9 8 3 ) 
repor ted s i g n i f i c an t  dr y mat t e r  red uc t ions of 1 1 . 8 % 1  1 0 . 8 % 
and 1 0 . 7 % for th r e e  lo c at ion s in Sou th Dak ot a .  
O f  th e s i x  loc at ions in ve s t i g ated in 1 9 8 4  and 1 9 8 5 1 
se cond -gene r at ion damag e  was no t found to cau s e  s ig n i f i c an t  
red u c t ions in s i 1 age y i e 1 d ( Tab 1 e 6 ) . 
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F I Gi 19 I s I LAGE y I ELD RESPONSE TO ECB DAMAGE 
AT ALL 985 LOCATIONS . 
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T ab l e  6 .  Reg r e s s  ion re s ponse of s i l ag e  yi e l d  to 
d am age by 1 s t  and 2 nd , and 2 nd ge ne r at i on al one . 
f i r s t  and second se cond 
g e ne r at ion gene r at i o n  
1 9 8 5  
Loc at ion 1 l i ne ar * *  NS 
Loc at ion 2 l i ne ar * *  NS 
Loc at ion 3 NS NS 
Loc at ion 4 qu ad r at i c * *  NS 
Loc at i on 5 qu ad r at i c * *  NS 
1 9 8 4  
Loc at ion 8 qu adr at i c  * *  NS 
1 9 8 5  comb i ne d  l i ne ar * *  NS 
1 9 8 4  and 1 9 8 5  comb ined l i ne ar * *  l i ne ar * 
7 5  
H anw ay ( 1 9 6 6 ) de s cr i b e s  each st ag e  of corn pl ant gro wth and 
d e ve l opmen t .  A t  th e  si l k i ng st ag e ve ge t at i ve gro wth is 
comp le te . ·rhu s veg e t at i ve gro wth is compl e te be fore th e 
s e cond gene r at ion be g ins . The comb i ned reg re s s ion an al ys i s  
found th at s i l ag e  yie l d  lo s s  due to se cond -g e ne r at i o n  damag e  
w as l i ne ar . Th i s  se e m ing co n t r ad i c t ion can be und e r s tood by 
l ook ing at th e gr a i n  y i e l d  compone n t  of s i l ag e  yi e l d . A t  
d ry we i gh t , th e gr a i n  is approx imat e l y  one -th i rd to one -h al f  
o f  th e to t al si l ag e  dry mat te r . I n  the pre v io u s  se c t ion 
g r a i n  yie l d s  from comb i ned lo c at ions of 1 9 8 4  and 1 9 8 5  were 
1 0 , 1 6 0 1  k g/ h a  ( 1 6 8 . 9  b u /A )  and we re red uced by 1 . 2 % /c av i t y  
by se cond -g e ne r at ion damag e . W ith the larg e r  comb i ne d  
s ampl ing , th e  an al ys i s  can de t e c t a sl i g h t  red u c t ion in 
s i l age yie l d  of . 9 % /cav i t y  compared to a UD C of 5 8 . 9  me t r i c  
tons /ha ( 2 6 . 1  ton s /A )  ( F ig .  1 9 ) .  
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F rom th i s  i t  can be se e n  th at th e f i r s t -ge ne r at i on impa c t  
on s i l ag e  y i e l d  los s  i s  su bs t an t i al . The second ge n e r at ion 
does cau s e  some red u c t ion . Howeve r ,  th at red u c t ion is on l y  
a por t ion as s oc i a t ed w i t h  th e  gr a i n  fr act i on of to t al s i l ag e  
y i e l d . Bec a u s e  f i rs t -gene r at ion inf e s t at i ons are rel a t ed 
w i th ear l y  pl an t i n g , th o s e  f i e l d s  wou ld h ave mo re po t e n t i al 
for s i gn i f i c an t  s i l age y i e l d  lo s s e s . Pl at t e - E as t  ( Loc at ion 
3 )  w as pl an t ed e i g h t  to te n days l at e r  th an th e oth e r  1 9 8 5  
l o c at ions and i t s  s i l age yie l d  lo s s  was no t di f f e re n t  from 
the UDC . 
The an al ys i s  of th e in t e r ac t ion be tween tre atme n t  and 
l o c at ion was fo u nd to be h i g h l y  si gn i f i c an t  in 1 9 8 5  and th i s  
i s  thou ght to be due to d i f f e r i ng hy br i d s  at each loc a t ion . 
T he re gr e s s ion l in e s  ( F ig .  20 ) re f l e c t  a pat t e r n  con ­
s i s te n t  with th e re l at i ve mat u r i ty and GDU to t as s e l  of th e 
h y br i d gro wn at a g i ve n  lo c at ion ( T ab l e  5 ) .  The f ive l i ne s  
repre s e n t  s i l ag e  y ie l d s  in 1 9 8 5 . Armo u r - Sou th h as a hy br i d  
w i th a re l at i ve matu r i t y  ( RM ) o f  9 9  d ays . Armou r -Nor th , 
P l at t e-Wes t , and Chamb e r l a i n  have FM ' s of l O S ,  1 2 1  and 1 3 1 . 
respe c t i ve l y .  Th i s  is co n s  i s  tent  w i  t n  the damag e /y i e l d  
re l at ions h ip for each lo c at ion . P l a t te -E as t  doe s  not f i t  
t h e  pat t e r n  for re asons pr ev ious l y  me nt ioned . Loc a ­
t ions w i t h  lo ng e r  R1 ' s  al so had th e gre at e r  red u c t ions  
in y i e l d  due to EC B d am age and th e re l at ionsh ips we re 
fo und to be cu rv i l i ne ar . •  P at ch et al .  ( 1 9 4 2 ) no t ed th e 
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g r a i n  yie l d  bu t w as no t ab l e  to sho w  s i g n i f i c ance . 
·r he val ue of s i l ag e  is di f f i c u l t  to es t i m at e  acc u r a-
t e l y .  The gr a i n  fr ac t ion and mo i s t u re con t e n t  h ave maj o r  
i n f l ue n c e s  on fe ed val ue . Guy e r  and Hende rson ( 19 8 4 ) h a ve 
s u gg e s t ed a me thod wh i ch de t e rm ines the he c t are val ue of th e 
s i l ag e , us i ng gr a i n  y i e ld / he c t are and the ad j us t e d  co r n  pr i c e . 
T ab l e  8 .  C al c u l at ion of pr i c e  fo r co rn s i l ag e  
s t and ing i n  th e f i e l d  us i ng an es t im at ed yi e l d . 
Y ie l d 
P r i ce 
H ar ve s t co s t 
D ry ing co s t 
·r ranspo r t  co s t 
F er t i l i z er be ne f i t 
E st i m ate kg/ ha 
$ . 0 7 8 7 /kg fo r # 2  corn at 
1 5 . 5 % mo i s tu re 
$ - . 0 0 6 3/kg 
$ - . 0 0 5 5 /kg 
$ - . 0 0 2 3/kg 
$+ . 0 0 4 3 /k g 
$ . 0 6 8 9  NET v al ue /kg 
N ET v al ue /h a  = 
S il ag e  val ue = 
Yie l d / h a  * N ET v al ue/kg 
NET v al ue / ha/m e t r i c  ton s  s i l ag e /ha 
The val ue of si l ag e /to n  was cal c u_al ted fo r al l 1 9 8 5  
l o c at ions ( T ab l e  9 ) .  The UDC gr a i n  yi e l d fo r each lo c at ion 
w as mul t ip l i ed by th e NET v al ue /kg ( $ . 0 6 8 9 ) th e n  di v ided by 
the UDC si l age y i e l d . The qu ot i e n t  is the do l l ar val ue / ton 
of s i l age at th at lo c at ion . 
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T ab l e  8 .  E st i mat ed do l l ar val ue for a ton o f  s i l age 
at th e 1 9 8 5  l oc at ions . 
S i te kgih a  � b uiA )  M t/h a ( t/A ) M tih a  ( t/A ) 
A rmo u r - No r th 1 0 , 6 4 4  ( 1 6 9 ) 5 3 . 6  ( 23 . 9 )  $ 1 3 . 6 8 ( $ 1 2 . 9 0 )  
A rmo u r-South 1 2 , 0 3 0  ( 1 9 2 ) 4 4 . 4  ( 1 9 . 8 )  $ 1 8 . 6 7 ( $ 1 6 . 8 0 )  
P l at t e - E as t  1 0 , 1 1 7  ( 1 6 1 ) 5 0 . 9  ( 22 . 7 )  $ 1 3 . 6 9 ( $ 1 2 . 3 0 )  
P l at t e - Wes t 12 , 3 5 6  ( 1 9 7 ) 5 8 . 8  ( 2 6 . 3 )  $ 1 4 . 4 8 ( $ 1 3 . 3 0 )  
C h ambe r l a i n  9 , 5 0 3  ( 1 5 2 ) 6 7 . 9  ( 3 0 . 3 ) $ 9 . 6 4  ( $ 8 . 8 0 )  
Loc at ions  1 and 2 a t  Armo u r  we re in clos e prox im i t y  
to in s e c t i c ide ef f i c ac y  te s t s an d  the dat a from th e 
u n t re ated ch e ck re ve a l s th e ave r ag e  nu mb e r  of cav i t i e s /p l an t 
for th a t  loc at i o n  { w al g enb ach , 1 9 8 5 ) .  Th i s  dat a was al so 
col l e c t ed at Chamb e r l a i n . Due  to low inf e s t at ions , the 
co unts we re tak en from pl an t s  kno wn to be in f e s ted and 
wou ld be compar ab l e  to a 1 0 0 %  in f e s t at ion ( T ab l e  9 ,  Col umn 
2 ) .  Tre atmen t in Sou t h  D akot a is re commend e d  wh e n  3 5 %  of 
the pl an t s  sho w  fre s h  le af - feed i ng ( K an t ack et al . ,  1 9 7 8 ) .  
T he ave r age nu mb e r of cav i t i e s /pl ant is ad j us ted to th at  
l e ve l ( T ab l e  9 ,  Col umn 3 ) .  Us ing reg re s s ion l i ne s  
d i spl ay ed i n  F ig ure s 1 4 , 1 5  and 1 8 , a red uced y i e l d  c a n  be 
p r ed i c t ed . 
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T ab l e  9 .  The ave r age nu mb e r  of c av it i e s /pl an t at 
1 0 0 %  and at an es t imated 3 5 %  le af - feed ing . 
Loc a t i on 
A rmo ur-Nor th 
A rmo u r-South 
C hambe r l a i n  
1 0 0 %  le af - f e e d i ng 
ave . # c av/pl 
2 . 1 4 
1 . 5 4 
1 . 6 6 
3 5 %  le af - fe ed i ng 
ave . # c av/pl 
. 7 5 
. 5 4 
• 5 8  
T he es t im at ed los s  i s  cal cu l atd by su b t r ac t i ng the es t imat e d  
_ red u ce d  y i e l d  from th e  und am ag e d  ch e c k . The es t imated lo s s  
i s  mul t ip l i ed by th e do l l ar val ue of s i l ag e  fo r th e g i ve n  
l o c a t i on ( T ab l e  8 ,  Loc at i on s  1 ,  2 and 5 ) .  The prod u c t  is 
the  do l l ar v al u e  of the pred i c t ed los s . In al l th r e e  lo c a-
t ions it was fou nd to be eco nom i c al to tre at . 
T ab l e  1 0 . The do l l ar val ue of th e es t i m a t e d  s i l age 
y i e l a  lo s s e s  for lo c at ion l ,  2 and 5 .  
UDC E s t . y i e l d , 3 5 %  S il age lo s s  $ $  
Loc at ion t on s / ac l e a f - f e ed i ng M t/A M t/h a l o s s /h a  
A rmou r -N .  5 3 . 6  5 2  1 . 6 $ 2 1 . 8 9 
A rmo u r -S .  4 4 . 4  4 3  1 . 4 $ 2 6 . 1 4  
C h ambe r ! . 6 7 . 9  6 4  5 . 9 $ 3 7 . 6 0 
) 
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X I I . · Con c l us ions 
G r a i n  Y i e l d  
The f i r s t -g e ne r at ion damag e  cau s es th e maj o r  po r t i on 
o f  th e gr a i n  y i e l d  lo s s , par t ic u l ar l y  in ear l y  pl ant ed 
f i e l d s . The comb i ned 1 9 8 5  d a t a  fo und red uct i o n s  of 
4 . 5 % /cav ity for f i r s t - and se cond -ge ne r at ion damag e . The 
s e cond gene r at ion al one cau s e s  y i e l d s  to be re d uced 
1 . 5 % /cav i t y . The se cond -ge ne r at ion damag e is l i k e l y  to h ave 
a gre at e r  impac t on f i e l d s  pl anted lat e r , as Pl a t t e - E as t  
w as ,  or whe n  in f e s t at ions co i nc i d e  wi th po l l e n -s h e d . 
D amage due to f i rs t and se cond ge ne r at ion was fo und 
to cau s e  a cu rv il i n e  ar y i e l d  re sponse in two of the sev e n  
loc at ions . T h a t  re s pon s e  co i nc ided w i t h  s i g n i f i c an t  red u c ­
t ions cau s ed by tn e se cond ge ne r at ion al one . S ig n i f i c an t  
d amage by the se c o nd ge n e r at ion i s  tho ught to be re s pon s i b l e  
f o r  th e  curv i l i ne ar in t e r ac t i on of f i r s t - and se cond ­
g e ne r at ion dam ag e  and gr a i n  y i e l d . 
T he me thod of dam ag e  ev al u at ion , us i ng cav i ty co u n t s  
f rom ind i v id u al pl ant s , was su cce s s f u l . Ov ipos i t i o n  bi as  of 
the f i r s t  ge ne r a t i o n  mo th was no t ev ide n t , po s s ib l y  due to 
un i f orm i t y  of pl an t ge rm i n a t ion and st and . 
S il ag e  Y ie l d  
T he f i r s t -g e ne r at ion damag e  is the pr imary so u r ce of 
red u ced s i l age _yi e l d . A y i e l d  red uct ion of 5 .  0 % /c av i ty 
res u l ted from fi r s t - and se cond -g e ne r at ion dam ag e . The 
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se cond ge ne r at i o n  d i d  cau s e  a smal l red u c t ion of . 9 % /c av i ty .  
I ts los s  is as s o c i a t e d  with th e gr a i n  fr act ion of s i l ag e  
y ie l d . 
Anal ys i s  of var i an ce re ve al ed a s ign i f i c an t  in t e r ac ­
t ion be twee n dam age and lo c at ion i n  1 9 8 5 .  Th i s  i s  at t r i ­
buted to th e d i f f e r e n t  hy br i d s gro wn at each loc at ion . The 
re l at i ve mat u r i ty of th e  hy br i d , par t i c u l ar l y dev e lopme n t  to 
t as s e l , is tho u g h t  to be a factor in to t al s i l ag e  yi e l d . 
Hybr i d s  with gre a t e r re l at i ve mat u r i ty ex pe r i e nce mo r e  
s e vere y i e l d  re d u c t ions . 
The s i l ag e  y i e l d  los s e s  were sho wn to be econ om ic al l y  
i mpor t an t . B as e d on tr e atmen t  inp u t s  and es t i m at e d  crop 
re t u rns , th e 3 5 %  le a f - f e e d i ng cr i t e r ion for irr i g a t e d  co rn 
s i l age appe ar s  to be co n s e r v at i ve . 
) 
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the Europe an co r n  bo re r , Pyr au s t a  nub i l al i s Hbn . ,  in 
n e w  re g io n s  of mai z e  cu l t i v at ion . Entomo l . Obo z r .  
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T re atme n t  me ans : y i e l d  by damage le ve l fo r each loc at ion 
A rmo u r - Nor th ( Lo c at ion 1 )  
D am age Obs M to n/h a ( 9/E1 )  Kg/h a ( 9/E1 )  
l'lo Damag e 2 2 4  5 3 . 6  ( 3 2 2 . 0 )  1 0 , 6 5 0  ( 1 5 4 . 3 )  
T rt 1 @ 3 C av 1 9 9  5 1 . 6  ( 30 9 . 5 )  1 0 , 1 3 3  ( 1 4 6 . 8 )  
T rt 1 @ 2 C av 2 8 5  4 8 . 6  ( 29 1 . 7 )  9 , 8 2 2  ( 1 4 2 . 3 )  
T rt 1 @ 2 C av 3 6 5  4 7 . 7  ( 28  6 .  4 )  9 , 3 1 2  ( 1 3 4 . 9 ) 
T rt 2 C av 1 1 5 2  5 4 . 7  ( 3 2 8 . 2 ) 1 0 . 6 4 9  ( 1 5 4 . 3 )  
T rt 2 C av 2 3 7  5 2 . 2  ( 31 3 . 2 )  1 0 , 5 0 3  ( 1 5 2 . 2 )  
T rt 2 C av 3 1 1  5 1 . 2  ( 30 7 . 6 )  1 0 , 1 2 3  ( 14 6 . 7 )  
Armo u r- So u t h  ( Lo c at i o n  2 )  
Dam age Obs M ton/h a ( 9/P1 )  Kg/h a ( g/p1 )  
No D amage 2 6 8  4 4 . 8  ( 2 3 1 . 8 )  1 2 , 0 4 0  ( 15 0 . 3 )  
Trt 1 @ 3 C av 1 1 0 2 4 0 . 5  ( 2 0 9 . 5 ) 1 1 , 1 4 1  ( 13 9 . 0 )  
T rt 1 @ 2 C av 2 9 0  4 2 . 5  ( 2 1 6 . 9 ) 1 0 , 9 7 3  ( 1 3 6 . 0 )  
Trt 1 @ 2 C av 3 4 6  4 0 . 7  ( 21 0 . 5 ) 1 0 , 6 6 4  ( 1 3 3 . 1 )  
T rt 2 C av 1 1 2 8  4 2 . 3  ( 21 8 . 5 )  1 1 , 8 4 9  ( 14 7 . 9 )  
T rt 2 C av 2 5 5  4 3 . 8  ( 2 2 6 . 4 )  1 1 , 9 4 2  ( 14 9 . 0 )  
T rt 2 C av 3 1 8  4 4 . 3  ( 2 2 8 . 8 )  1 1 , 5 4 1  ( 1 4 4 . 0 )  
P 1 at t e - E  as t ( Loc at i on 3 )  
D am age Ob s M to n/h a __ ( g/,e1 )  Kg/h a ( 9/E1 )  
N o  Damag e  2 3 3 5 0 . 9  ( 29 6 . 8 )  1 0 , 1 2 6  ( 1 4 2 . 5 )  
T rt 1 @ 3 C av 1 1 2 0 4 9 . 6  ( 28 8 . 9 )  9 , 1 5 0  ( 1 2 8 . 8 ) 
·r rt 1 @ 2 C av 2 8 3  5 0 . 6  ( 29 5 . 0 )  9 , 2 2 2  ( 1 2 9 . 8 ) 
T rt 1 @ 2 C av 3 6 4  4 9 . 0  ( 28  5 .  7 )  9 , 0 6 9  ( 1 2 7 . 6 )  
·r rt 2 C av 1 8 1  5 2 . 8  ( 3 0  7 .  9 )  9 , 9 0 2  ( 1 3 9 . 4 )  
T rt 2 C av 2 2 2  4 9 . 6  ( 28 9 . 0  9 , 2 5 0  ( 13  0 .  2 )  
P l a t t e - Wes t ( Lo c at ion 4 )  
- -- - --
D am age Obs M ton/h a ( g/.el ) Kg/h a ( g/.e1 ) 
N o  D amage 1 4 5  5 9 . 3  ( 31 8 . 9 ) 1 2 , 3 6 3  ( 1 6 0 . 4 )  
T rt 1 @ 3 C av 1 1 2 0  5 3 . 0  ( 28 4 . 7 )  1 1 , 4 5 6  ( 1 4 8 . 8 )  
T rt 1 @ 2 Cav 2 1 0 1  5 3 . 6  ( 28 8 . 0 )  1 1 , 0 9 8  ( 1 4 4 . 0 )  
T rt 1 @ 2 C av 3 6 1  5 0 . 7  ( 2 7 2 . 7 )  1 0 , 8 7 4  ( 1 4 1 . 1 )  
T rt 1 @ 2 Cav 4 2 1  5 0 . 7  ( 2 7 2 . 4 )  1 0 , 14 9  ( 13 1 . 7 )  
·r rt 2 C av 1 1 0 0  5 6 . 9  ( 3 0 5 . 8 )  1 1 , 9 0 5  ( 1 5 4 . 5 )  � 
� 
,I 
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Ch ambe r l a i n  ( Loc at i o n  5 )  
D am age Obs M ton/h a ( g/pl ) Kg/h a ( g/pl ) 
No D am ag e  2 8 1 6 8 . 2  ( 41 7 . 9 ) 9 , 5 0 6  ( 1 4 0 . 7 )  
T rt 1 @ 3 C av 1 1 2 2 5 7 . 6  ( 35 3 . 3 ) 8 , 8 7 4  ( 1 3 1 . 4 )  
T rt 1 @ 2 C av 2 8 8  5 2 . 6  ( 3 2 2 . 5 )  8 , 50 4  ( 1 2 5 . 9 )  
T rt 1 @ 2 C av 3 3 8  5 3 . 8  ( 33 0 . 1 ) 7 , 9 0 9  ( 1 1 7 . 1 )  
T rt 1 @ 2 C av 4 2 9  4 7 . 4  ( 29 0 . 8 )  - 7 1 -4 3  9 ( 1 1 0 . 1 )  
T rt 2 C av 1 1 9  6 6 . 3  ( 40 6 . 8 )  9 , 3 6 0  ( 1 3 8 . 6 )  
F t . ·rhomps on ( Loc a t ion 6 ) 
No D am age Obs Kg/h a  ( g/p1 ) 
1� 0 D amage 1 3 3  1 0 , 7 5 7  ( 14 5 . 4 )  
·r rt 1 @ 3 C av 1 4 6  9 , 6 3 9  ( 13 0 . 3 ) 
T rt 1 @ 2 C av 2 4 1  9 , 4 2 3  ( 12 7 . 4 ) 
T rt 1 @ 2 C av 3 28  9 , 3 0 5  ( 1 2 5 . 8 )  
T rt 1 @ 2 C av 4 2 7  1 0 , 0 1 7  ( 13 5 . 4 )  
·rrt 1 @ 2 C av 5 2 7  9 , 1 1 6  ( 12 3 . 2 ) 
T rt 2 C av 1 5 2  1 0 , 5 6 1  ( 1 4 2 . 7 )  
T rt 2 C av 2 3 8  1 0 , 0 4 7  ( 1 3 5 . 8 )  
Trt 2 C av 3 3 5  9 , 4 9 0  ( 12 8 . 3 ) 
Trt 2 Cav 4 1 6  1 1 , 18 3  ( 1 5 1 . 2 ) 
Trt 2 Cav 5 2 0  9 , 58 8  ( 1 2 9 . 6 )  
E l k  Po i n t  ( Loc at i o n  7 ) 
- - - -- - - - -
�o D am age Ob s M ton/h a ( g/E1 )  
.No D amage 1 1 0  8 , 4 9 4  ( 1 4 4 . 5 )  
T rt 1 @ 3 C av 1 24  8 , 0 3 0  ( 1 3 6 . 6 )  
T rt 1 @ 2 C av 2 3 8  8 , 0 1 8  ( 13 6 . 4 )  
T rt 1 @ 2 C av 3 3 9  7 , 6 3 6  ( 1 2 9 . 9 )  
Trt 1 @ 2 C av 4 4 0  7 , 6 8 9  ( 1 3 0 . 8 )  
T rt 1 @ 2 C av 5 4 3  7 '  6 8 8 ( 1 3 0 . 8 )  
·r rt 2 C av 1 7 8  8 '  3 8  7 ( 1 4 2 . 7 )  
T rt 2 C av 2 7 5  8 , 2 7 3  ( 1 4 0 . 8 )  
·r rt 2 C av 3 5 9  8 , 2 3 6  ( 1 4 0 . 1 ) 
·r rt 2 C av 4 4 5  8 , 0 7 4  ( 1 3 7 � 4 ) 




Lo wer Bru l e  ( Loc at ion 8 )  
No D am age Obs Kg/h a ( 9/El ) 
N o  D amag e 1 3 3  7 6 . 5  ( 40 7 . 6 )  
T rt 1 @ 3 C av 1 4 6  6 8 . 0  ( 36 2 . 0 )  
T rt 1 @ 2 C av 2 4 1  6 5 . 5  ( 34 9 . 0 )  
T rt 1 @ 2 C av 3 2 8  6 3 . 8  ( 3 3 9 . 6 )  
T rt 1 @ 2 C av 4 2 7  6 5 . 0  ( 4 3 6 . 3 )  
T rt 2 C av 1 5 2  7 4 . 0  ( 3 9 4 . 1 ) 
T rt 2 C av 2 3 8  7 1 . 6  ( 38 1 . 1 ) 
L e as t Squ a r e  M e a n s  of th e 1 9 8 4  and 1 9 8 5  Gr a i n  Y ie l d by 
T re a tmen t 
Tre atmen t  
T rt 1 @ 2 C av 1 
T rt 1 @ 2 C av 2 
·r rt 1 @ 2 C av 3 
T rt 2 C av 1 
LSI� e an ( kg/h a )  
1 0 , 7 9 3  
9 , 9 9 0  
9 , 7 8 9  
9 , 4 5 5  
1 0 , 5 9 8  
Prob > 
. 0 0 0 1  
. 0 0 0 1  
. 0 0 0 1  
. 0 3 5 3  
L e as t Squ are 1-te an s  of th e 1 9 8 4  and 1 9 8 5  S il ag e Y i e l d  by 
T re at men t 
· Tre atme n t  LS�l e an ( M ton/h a )  P rob > 
No D am ag e  5 8 . 9  
T rt 1 @ 2 C av 1 5 3 . 4  . 0 0 0 1  
T rt 1 @ 2 C av 2 5 2 . 1  . 0 0 0 1  
T rt 1 @ 2 C av 3 5 1 . 0  . 0 0 0 1  
T rt 2 C av 1 5 7 . 8  . 0 0 0 1  
L e as t Squ a r e  rvt e an s  for 1 9 8 5  S il ag e  Y i e l d  by Tre atme n t  
Tre atme n t  L SM e an ( M ton/h a )  P rob > 
N o  D am ag e  55 . 4  
T rt 1 @ 2 C av 1 5 0 . 5  . 0 0 0 1  
T rt 1 @ 2 Cav 2 4 9 . 5  . 0 0 0 1  
·r rt 1 @ 2 C av 3 4 8 . 4  . 0 0 0 1  
T rt 2 C av 1 5 4 . 6  • 2 6 4 8  
L e as t Squ a r e  M e a n s  fo r 1 9 8 5  Gr a i n  Y ie l d  by Tre atme n t  




Tre atme n t  LSM e an ( kg/h a )  P r o b  > T 
No D am ag e  
·r r t 1 @ 2 c a v  1 
T rt 1 @ 2 C av 2 
T rt 1 @ 2 C av 3 
T rt 2 C av 1 
1 1 , 2 6 0  
1 0 , 4 5 2  
1 0 , 2 1 6  
9 , 8 4 9  
1 1 , 0 4 8  
. 0 0 0 1  
. 0 0 0 1  
. 0 0 0 1  
. 0 4 9 4  
9 6  
Le as t Squ are M e a n s  for 1 9 8 4  Gr a i n  Y ie l d  by Tre atme n t  
Tr e a tme n t  LSM e an ( kg/h a ) P rob > T 
N o  D amag e  9 . 6 2 5  
T rt 1 @ 2 C av 1 8 , 8 3 4  • 0 0 4  
T rt 1 @ 2 C av 2 8 , 7 2 1  . 0 0 0 1  
T rt 1 @ 2 C av 3 8 , 4 7 1  . 0 0 0 1  
T rt 1 @ 2 C av 4 8 , 8 5 3  . 0 0 0 5  
T rt 1 @ 2 C av 5 8 , 4 0 2  . 0 0 0 1  
•r rt 2 C av 1 9 , 4 7 3  . 3 8 4 9  
T rt 2 C av 2 9 , 1 6 0  . 0 1 3 2  
T rt 2 C av 3 8 , 8 6 3  . 0 0 0 1  
T rt 2 C av 4 9 , 6 2 8  . 9 9 0 4  
·r rt 2 C av 5 9 , 0 3 9  . 0 1 3 8  
9 7  
Anal ys i s  o f  V ar i an c e  for th e  Comb ined 1 9 8 4  and 1 9 8 5  Gr a i n  
Y ie l d  to D am ag e  Res po n s e  
Sour c e  
T rt 
Loc 
T rt * Loc 
E rror 
d f  
4 
6 
2 4  
3 4 6 6  
M S  
1 7 9 9 5 1 7 6 5 . 0  
9 3 1 3 1 6 3 7 2 . 4  
2 3 1 3 0 5 0 . 5  
2 5 9 6 6 9 8 . 0  
F -Val ue 
6 9 . 3 0 
3 5 8 . 6 5 
. 8 9 
P r  > F 
. 0 0 0 1  
. 0 0 0 1  
. 6 1 6 2  
Anal ys i s  of V ar i an c e  for th e Comb ined 1 9 8 4  and 1 9 8 5  S il age 
Y ie l d  to D am age Response 
Source d f  M S  F -Val u e  P r  > F 
T rt 4 7 6 4 6 . 1  6 2  .- 6 9  . 0 0 0 1  
Loc 5 2 7 6 2 3 . 1  2 2 6 . 4 9 . 0 0 0 1  
T rt * Loc 20  7 4 7 . 9  6 . 1 3 . 0 0 0 1  
E rror 3 3 3 1  1 2 2 . 0  
Anal ys i s  of Var i an c e  for th e Comb i ned 1 9 8 5  Gr a i n Y ie l d  to 
D am age Respon s e  
Source d f  
T rt 4 
Loc 4 
T rt * Loc 16  
E rror 1 8 8  7 
1vtS 
4 4 1 9 5 . 8  
2 6 4 9 4 5 . 2  
5 6 8 . 7  
6 5 5 . 2 
F -Val ue P r  > F 
6 7 . 4 6  . 0 0 0 1  
4 0 4 . 3 9  . 0 0 0 1  
. 8 9 . 6 0 7 1  
Anal ys i s  of V ar i ance for th e Comb i ned 1 9 8 5  S il ag e  Y ie ld to 
D am ag e  Re spon s e  
Source d f  M S  F -Va1 ue P r  > F 
Trt 4 5 2 9 1 . 1  4 7 . 3 8 . 0 0 0 1  
Loc 4 1 5 5 1 4 . 6  1 3 8 . 9 2 . 0 0 0 1  
Trt * Loc 1 6  8 2 4 . 3  7 . 3 8 . 0 0 0 1  
E rror 2 9 1 1  1 1 1 . 7  
9 8  
A nal ys i s  o f  V ar i an ce for th e  Comb i ne d  1 9 8 4  Gr a in Y ie l d  to 




T rt * Lo c  
E rror 
d f  
1 0  
1 
1 0  
1 0 3 4  
M S  
1 7 9 5 5 4 1 8 . 8  
6 8 5 4 0 1 6 2 6 . 5  
5 9 4 4 9 2 2 . 9  
2 4 9 7 0 3 7 . 0  
F -Val ue 
7 . 1 9 
2 7 4 . 4 9 
2 . 3 8 
Pr  > F 
. 0 0 0 1  
. 0 0 0 1 
. 0 0 8 6  
Anal ys i s  of Var i an c e  for th e  Gr a i n  Y ie l d  to D am ag e  Respon s e  
f o r  Al l Ind i v id u a l  Loc a t ions 
A rmo u r- Nor th ( Loc at ion 1 
Sou r ce 
T rt 
E rror 
d f  
6 
6 6 6 
LYIS 
2 2 1 9 2 9 3 5 . 5  
1 5 0 1 4 8 0 . 2  




d f  
6 
7 0 0  
M S  
2 7 1 5 5 2 6 2 . 8  
1 8 1 0 8 0 3 . 2  




d f  
5 
5 9 7  
i.YI S 
25 6 3 9 2 2 8 . 0  
2 6 1 2 1 0 6 . 6  
F -Val u e  P r  > F 
1 4 . 7 8  . 0 0 0 1  
F -Val ue Pr  > F 
1 5 . 0 0 . 0 0 0 1  
F -Val ue P r  > F 
9 . 8 2 . 0 7 6 0  
9 9  
A nal ys i s  of Var i an c e  for th e Gr a i n  Y ie l d  to D am ag e  Res po n s e  
for Al l I nd i v id ual  Loc at ions ( co n t i nued ) 




d f  
5 
5 4 2 
3 9 5 2 7 7 9 2 . 4  
3 9 8 6 5 0 3 . 0  
Chambe r l a i n  ( Lo c a t i o n  5 )  
Sou r c e  
T rt 
E rror 
d f  
5 
5 7 1 
M S  
4 2 7 8 4 7 9 0 . 1  
2 6 8 0 7 6 . 8  




d f  
1 0  
4 5 2 
M S  
1 7 8 0 3 5 3 4 . 2  
3 5 6 7 7 6 0 . 1  




d f  
1 0  
5 8 2 
1-i S 
5 2 6 8 3 4 9 . 0  
1 6 6 5 4 7 9 . 4  
F -Val u e  P r  > F 
9 . 9 2 . 0 0 0 1  
F -Val u e  Pr > F 
1 5 . 9 6 . 0 0 0 1  
F -Val u e  P r  > F 
4 . 9 9 . 0 0 0 1  
F -Val ue P r  > F 
3 . 1 6 . 0 0 0 6  
1 0 0  
A nal ys i s  of Var i an c e  fo r th e S il ag e  Y i e l d �o D am ag e  Re spon s e  
o f  Al l I nd i v id ual Loc at i o n s  
A rmo u r -Nor th ( Lo c at ion 1 )  
Source 
T r t  
E rror 
d f  
6 
6 6 6 
Armo u r- S o u t h  ( Lo c a t ion 2 )  
S o u r c e  
T r t  
E rror 
d f  
6 
7 0 0  
Pl atte - E as t  ( Lo c a t i o n  3 )  
M S  
6 4 4 . 3  
9 3 . 6  
M S  -
3 3 3 . 6  
5 3 . 1  
F - Val u e  P r  > F 
6 . 8 8 . 0 0 0 1  
F -Val u e  Pr > F 
6 . 2 8 . 0 0 0 1  




5 9 7  
Pl at t e - Wes t ( Lo c at ion 4 )  
S o u r c e  
T rt 
E rror 
d f  
5 
5 4 2  
Chamb e r l a i n  ( Lo c a t i o n  5 )  
Sou r c e  
T rt 
E rror 
d f  
5 
5 7 1  
1 4 7 . 5  
1 3 2 . 0 
M S  
1 0 5 2 . 7  
1 2 7 . 1 
L� S 
5 9 4 1 . 2  
1 6 2 . 1 
1 . 1 2 
F -Val u e  
8 . 2 9 
F - Val u e  
3 6 . 6 6 
. 3 4 9 9  
Pr > F 
. 0 0 0 1  
Pr > F 
. 0 0 0 1  
. 
/ 
1 0 1  
Anal ys i s  of V ar i an c e  fo r th e S il ag e  Y ie l d  to D am ag e  Respons e 
f or Al l I nd i v i d u al Loc at ions ( con t inued ) 
Lower Bru le ( Lo c at i o n  8 )  




5 1 9 
2 2 7 3 . 2  
1 8 4 . 9 
1 2 . 2 9  
P r  > F 
. 0 0 0 1 
. 
/ 
